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DIBTEICT O. 

Vt a taKonrntih, Hial on the twsntr-fcuilh O&j of May, In Uie fifty-flftl) 
jear of the Indepenilenes of Oie United Stateg of America, J. L. Combtixs, of Ihe 
aaU District, baUi deponlted In this office Uie tlUe of a Book, the right wheieot 
heelalnn as autlior and proprietor. In the words tOUowhig, to wll; "A SyBtaiD 
Of Natural Fhlloaoph;; lii which the principles of Mechanics, HTdroalatlcg, 
Hylltauncfl, Pneumatlca, ioouBtlcB, C^tlCB, Aglronorajr, Blectrlcitj, Bnfl MKfi- 
neOsm, are (BmlUaily eiplolned, and muflUeWil by mote than two hundred 
aigriTliiEa. To which are added, QueatlonB for the eiamlneHoa of (he Pupils 
Deslcaed ta the use of Bchoole and Aoademles. By J. 1. CoiDsiock, M. D.; 

Chem-i Author of Qram. Chem. ; ot Hem. Mineralogy; of Nat. nistof ftuadr. 
(od BhdB, &c." In conformll; to the actof Congreae ot the United States, en- 
Ittlod, " an act (br the encouragement of learning, by aecurliig the copies ot 
HapB, Charts, and Books, 10 the aulhois and proprielois of such copies, durlAg 
the Umes therein mentioned,"— And also to the act, enUiled, "an act supple, 
mentary to an act, entitled, ' an Set for the encouragement of learning, by se- 
curing the copies ot Haps, Charts, and Books, to the authors and proprietors of 
Buch copies, during the limes therein mentioned,' and extending the benellis 
thereof to ie arts of dsBlgnlog, eogiavlng, and etching historical and olhei 
iVHSfl^ ' -9 Cbuub A. iNaiBBOU, CU, ^ tti £u. o/ Gmnnficuf. 

A true copy of Becord, eiamlned and seated by me, ' , . . . , 

CBjtta» A. biaMBai>ii,ai.<!f at DU.tfCopnteticut 
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PREFACE. 



While we hnTereceatandimprnTedsyEtenuof Geograpb7,of Aiith- 
nie(ic,audofGraimnar, in ample VBiiely,— and Reading and SpdIingBoolu 
Id correspondifig abundance, many of wliich show our adTsnccioeiit in 
(be science of education, no one has offered to the public, for Lhe um of 
our schools, tin; new or improved system of Natural Pbilosojihy. And 
yet this is a. brancb of educa.Uon very eiteoairel; studied at the prtaent 
time, Bod probably would be much more so, were some of its porta so ez- 
plained and illualrated as lo make ^em more easily underslDod. 

The author therefore undertook the following work at the suggestion of 
several eminent teachers, who for years have regretted the want of a, book 
on this sabjecl, more familiar in its eipltmatiooB, and mcce am[de in its 
details, than any now in common use. 

The Conversations on Nararal "Philosophy, a foreign work now exten- 
sively used in schools, though beautitully writtao, and often highly inter- 
esting, is, on the whole, considered by most instructors as ezceedin^y 
deficient- particularly in wanting such a method in its explanations, aa 10 
convey Co the mind of the pupil precise and definite ideas ; and also in 
the omission of many eubjects, in themselves most usefUl la the student, 
and at the same ^me most easily taught 

It is also doubled by many JnstractOfS, whether Conversations is the 
best form lor a book of instruction,, and particularly on the several sub- 
jects embraced in a system of Natural Philosophy. Indeed, those who 
have had moat experience as teachers, are decidedly of the (pinion that 
it is not ; and hence we learn, that in those parts of Europe where the 
■Inject of education haa received the most actendon, aqd consequently 
where the beat methods of conveying instruction are supposed to have 
been adopted, school books in the bun of conversations ara at present en- 
tirely out of use. 

The author of the following system hopes to have illnttrated and ex- 
plained most subjects treated of, in a manner so fiimiliar sa to be under- 
iitood by the pupil, without requiring additional diagrams, or new modei 
of explanations from the teacher. 

Every one who has attempted lo make himself master of a difficuk 
pnipositioa by means of diagrams, knows that the great number of letteiB 
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It PBEPACE. 

of lattxcDce with wtuch they are tometimes loaded, ii often the moBt pev- 
plazing pait of iha aabjtct, and particularly when one figure i^ made to 
answer several purposes, and is placed at a distance from the explanation. 
To SToid UiiB difficulty, tlie author has iclroduced additJoniU igures ta 
illustrate the different parts of the subject instead of referring back to for- 
mer ones, so that the student is never perpleied with rnaoy letten on any 
onefigure. The fig^ires are also placed under the eye, and in immediaK 
coonexian with their descriptiooa, ao (hot Ihe letlera of reference in the 
Wit, and those on thediagiamB, can be seen atthe Bume time. In respect 
to the language employed, it bas been the chief object of the author to 
meJce himself understood by those who know nothing of mathematics, and 
who indeed had no previous knowledge of Natural Philosophy. Terms 
of science have therefore been as much as possible avoided, and when 
Ufled, are explained in conneiion with the subjects to which they 
belong, and il is hoped, to the comprehension of common readers. This 
method was thought preferable lo that of adding a Glossary of scientific 

The author has also endeavored to illustrate the subjects u moeh as 
possible by means of cocmnon occurrences, or common thlnge, and in this 
manner to bnng philosophical truths as much as practicable within ordi- 
nary acquirements. It is h<^>ed, therefore, that the practical mechanic 
may take some useftd hints coocerning his business, from several parts of 
Ihe work. 

aaTtford,Mn/,lSSO. 



RECOMMENDATIONS. 



71b aaeiulen ef Tiaeitn, oAd Mtr ftiUlnntn IMerult4 in tdtiauiait, J> ri^iuM- 

ed, la lilt falloiting noficu BfUat 'attltm of FiWwpijr," wiic* anfiomOt 
nutat TvpKiabls aourca: 

Frum JiAn Grinom, LZ, D. Prinetpal qfUn Seie- Turk High SeSool. 

Sea- York, Jltae ISM, IfOb. 

I have received uid examLnsd Ihj book on NkumI PhiliBophj, with mwll iUn- 
bctioii ; I have na li«itsllon in tnjiaf, liiM I conalder II better HdWed to the pui- 
jmet D[ BcliDol Inslructloa, tnan set of th« MbdubIb hilbEiia in one nitb irbidi [ am 
acqoJiialeJ, Ttie amiable imDor of the Convenillons Ibrew a charm over Ihs dlf- 
fersDt snbjecls which abo hai treated of, bj ttie interlDculorr atyls wtiicb ahe adopM, 

MiuBimer, being neesMaillj dlflbae, la not so woU adupted lo the didiolic forms of 
instructtan pursued In Schoals. Hence also, more msl^r um be [ntrodnBad wilbln 
the simo compasB, nod I and, no comparing thj volume with either ot the editlooi 
of the CoDvenBllnoi nm in uac, that the fonnei Is much beaer entitled la the ap- 
pcllatton of a S^dem of Natural Fhllosoiiby, thaD tbe latter. The addition il«o of 
E.cuiielt7 and Uagneligm, la by do meaoa unimportant InacoaneoTlDarnction in 
the Pbjsicai BciBDces. 

I am, with great respect, JOHN CIRI3C0M. 

P. a. I have recommended I hr book to ail the pupils of oni High School, who a>- 
MDd to Nalnal Pbiloeoph;, and it is the only Book which we shall now use aa a Ctasa 
Book. 
FYom a PaOtr, Prcfutar qf Mathtmalict ani Natural Phtlaophy. i» Watlling- 



I have aia mined a portion of yinur work on Natural Philnoph^, and am bi^ppr t' 
evf that 1 am« in general, well pIebbdiI with the plan foa have adopted. With tbo 
eioaptioa of a few errora, which will donbtlea be corrected in a subHqtleat edition, 
four mode of treating joat subjects seems to be sufflGientlT scieiiliBc for a work n 
■mj elementarr io its chsracler— sod at the same time, it la so giopaliir, as to preoanl 



Tei7 truly Toui^ H. POTTER. . 

Ob. J. L. CouTooi. 
IfuUnjUH amcigt, July 1, 1S». 
/Vm at JUgU Btv. T. C. BromaO, D. D., LL. O, PratUtttI tf irwAiKflnt ' 

Fmn a eaxmirj eiamh]atlo& of ttu work, I wUUnflT eoocor In Iba abon noocn 
■■■-"*"''™ I know of no similar Book, wblolv fn plmud nnuiuiiaD^ linweB 
oileniUedfoTlbaDieofBelKKili. T, C JBOVSOi,- 

M. 1. 1.C 
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BECOHMENSATIONS. 



Ii and AcadeiDta 
acquainted, and thetefoTB hopa to tee It ozteulvelj iDtroducixL 

E. P. BAKBOW8, 
Ptineipal Harlford Orammar SOUsI 
Harlfmi, Junt SB, 1830. 



(r,— I hivs earefiillj' esunlned foai aynaa o( Natural Phllcoophy, and am 
of opinloo tbal it la far superior to any work or the kind now In uiB. Ai partlcolal 
«lce!!encl« of Ibis Bjaem, 1 would mention Its happj lllaatRillons— the perspicuity, 

Witt. J<m, to give the atudenl con-ect Ond d?flnfM Idaai, and In this altempl 1 IBinli 
jou hare been pscnllarlj aucceBsTul. 1 b&ve been hlgbl; pleased with tbo work my 
«*f, aj>4 cap beaililT recommend It to the suenllcn and palronege of the public. 
OLIVER HOj^iN, 
Prititipal oftht Seltd SdmL 
narlford, June 1, 1830. 
/Vdm Ub Teaeker iff Malhimalia and A'aJuroI Philonphg in On Bigit SKAeol, nl 

DtarSir,—! hare eiBmiced your "Sjatein of Natural Philosophy," i 
a text-book for one ci4SB. T cousider It batier adapted to the purposes < 

lisn any work of s aimlUr klad wllb which I sm at present ac 

ZEBULON CROCKEB. 
m Sc/iool, Aug. 10, 1330. 



I have eiambud "Camslnck's Natuial Philosophy," and think it la a book eieel- 
lenlly adapted to communlcaU > compeUnt knowledge of the various suljeEla on 
whicli ji ircils. It does ™t cnUr Into that depth of Sclenilfleal and Ualfaematleal 
UlustralloD, of wblcb the eutijects are suseeplltila; bat It iUuacntes, In a famlllaT way, 
most of the prtnciplea of Naiunil Fhlkeophy, and is enriched with a statsmenl ol 
praclicEl details In that science. II la a book well calculated lo be highly oMfol la 
001 Schools and Academies. 

Moat respectfully Toms, Ac ROBERT BRDCB, 

PTtMtnt ^Wattrn Univenily, Pma. 



I have eiemhied many of those Treatises of Natunl Pbllcaophy that have been pre- 
pared for the younger cUssea of Students — Dr. Comstoek apprcachss more neatly to 
the Ideh I hare formitd of what such a work should be, than any I hare met with. II 
Is rishinFtiiliHopiilcal facts, lis eiplanalloiu are pillar. Its IHuatiaUiHis pracdcsl, 
and lis langusge persplcaaus. It la perfectly adapted lo those stodenls at school thst 
do ml Uke an eiteuake course of Malliematlui, and to tboss tlHt doi It wm sane tte 
ImportaBt purpose of sn Introducltoa. 

Taun, rapeMfnlly, J. H. FIELDINe, 

PmidiM tf JUoditen Collet, 
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NATURAL PHILOSOPHY. 



THE PROPERTIES OF BODIES. 



k Bods is any subetance of which we can eain a know- 
ledge by OUT senses. Hence air, wateri and earth, in all theii 
modificationB, are called bodies. 

There are certain properties which are common to all bo- 
dies. These are mlled the essential properties of bodies. 
They are ImpenetTohility, ExtensioTt, Figure, Divisibility, 
Inertia, and Attraction. 

ImpenetTohiliti/. — By impenetrability, it is meant that two' 
bodies cannot occupy the same apace at the same time, or, 
ihat the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, or 
kny other substance heavier than water, be dropped into it, a 
quantity of water will overflow, just equal to the size of the 
heavy body. This shows that the stone only separates or dis- 
places the particles of water, and therefore that the two sub- 
Stances cannot exist in the same place at the same time. If a 
class tube open at the bottom, and closed with the thumb at 
Die top, be pressed down into a vessel of water, the liquid will 
Hot rise up and fill the tube, because the air already in tlie 
lube resists it ; but if the thumb be removed, so that the air 
can pass out, the water will instantly rise as high on the inside 
of the tube as it Is on the outside. This shows that the air is 
impenetrable to the water. 

.. pi0tLtialpv^ 

it lir ImperutrabiHty? How i« it proved 
■e impeoetnbie 1 
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lU fKOPEBTIES OF BODIES. 

If a uail be driven into a board, in common lanopj^, it is 
said to penetrate the wood, bat in the language of ^uloaoph^, 
it onl^ separates, or displaces the particles of the wood. The 
same is the case, if the n&il be dnven into a piece of leadj 
the pailicles of the lead are separated from each other, and 
crowded together, to make room for the harder body, but the 
particles themselves are by no means penetrated by the naiL 

When a piece of gold ia dissolved in an acid, the particles 
of the metal are rlivided, or separated from each other, and 
diffused in the fiuid, but the particles of gold are supposed 
still to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated. 

Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
Extension has no respect to the size, or shape of a body. The 
size and shape of a block of wood a foot square is quite dif- 
ferent from that of a walking stick. But they both equaHv 
Koesess length, breadth, and thicknesB, since the stick migHt 
e cut into little blocks, exactly resembling in shape Uie 
large one. And these little cubes might again be divided 
until they were only the hundredth part of an inch in diame- 
ter, and still it is obvious, that they would possess length, 
breadth, and thickness, for they could yet .be seen, felt, and 
measured. But suppose each of these lUt* blocks to be again 
divided a thousand times, it is true we could not measure them, 
but still they would possess the quahty of extension, as really 
as they did before division, the only difference being in respect 
to dimensions. 

Figure, or form, is the result of extenuon, for we canno 
conceive that a body has length and breadth, without its also 
having some kind of figure, .however irregular. 

Some solid bodies have certain or determinate forms, 
which are produced by nature, and are always the same, 
wherever they are found. Thus a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being 

When a n&il 19 driven into a boaTtl or piece of Ipad, aie tha panicles 0. 
these btxtieB penetrated or sepuWed 1 Are the particles of cold diasaived, 
or only aep&iUed by th» add 1 What is meuit by eitendion 1 In how 
many diiectioos da bodies poeeeea ezteniion 1 Of wbat a figure, or Ham, 
theieiDltl DoaUbodKapcneaifigaTal Wlul«olidBuaiiB|[aluiiitbdl 
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PnOPBaTIES <»■ BODIES. 11 

Inmiable. Some solids are so irreffuIaT, thnt they cannot 
be compared with any mathematical figure. This is Hie case 
with the fragments of a broken rock, chips of wood, Iractured 
glass, &,e. 

Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

Divisiinlity. — By the diyisibility of matter, we mean that 
a body ma^ be divided into parts, and that these parts may 
again be divided into other parts. 

It is quite obvious, that if we break a piece of mafble into 
two parts, these two parts may again be divit^ed, and that the 
process of division may be continued until these parts are so 
small as not individually to be seen or felt. But as every body, 
however small, must possess extension and form, so we can 
conceive of none so minute but that it may again be divided. 
There is, however^ possibly, a limit, beyond which bodies 
cannot be actually divided, for there may be reason to beliuve 
that the atoms of matter are indivisible by any means in our 
power. But under what circumstances this lakes place, or 
■ whether it is in the power of man during his whole life, to 

Kulverize any substance so finely, that it may not again be 
roken, is unknown. ■ 

We can conceive, in some degree, how minute must be the 
particles of matter, from circumstances that every day come 
' witlun our knowled|?e. 

A single grain of musk will scent a room for years, and 
still lose no appreciable part of its weight. Here, the particles 
of musk must be floating in the air of every part of the room, 
otherwise they could not be every where perceived. 

Gold is hammered so thin, aa to take 382,000 leaves to make 
an inch in thickness. Here, the particles still adhere to each 
other, notwithstandingthe great surface whi^ they cover, — a 
single grain being sufficient to estend over a sur&ce of fifty 
square inches. 

The ultimate particles of matter, however widely they may 
be diffiised, are not individually destroyed, or lost, but under 
certain circumstances, may again be collected into a body 

What liodies an irregular'? What is meant by ditiaibiliCj of matter 1 !■ 
there any Hmit to the dividbility of matter ^ Are the atoms of matter di- 
wabloT What etajoples are given of the drrigibilil^ of matterl How 
many leaiea of gold does it take to make an inch in thickneMl How mai- 
)iy iqiuure incbea majagrunofgcddbemads tocoreil 
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13 PBOPBETIES QF BODIES. 

without cfaoDge of form. Mercury, water, and manj odm 
mbstances, may be conrerted into vapor, or distilled in dow 
TesBels, without any of their particles being lost In eueb 
cases, there is. no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and wa- 
ter assume their origiaa) state again on cooling. 

When bodies suffer decomposition or decay, thci^ elemen- 
tary particles, in like mancer, are neither destroyed nor lost, 
but only enter into new arrangements, or combinalionB with 
other bodies. 

When a piece of wood is heated in a close vessel, Buch as a 
retort, we obtain water, an acid, severe) kinds of gas, and 
there remains a black, porous substance, called cnarcoaL 
The wood is thus decomposed, or destroyed, and its parti- 
cles lake a new arrangement, and assume new forms, but 
that nothing ia lost ia proved by the ftct, fliat if the water, 
acid, gases, and charcoal be collected and weighed, they will 
be found exactly as heavy as the wood was, before distiHv 

Bones, flesh, or any animal substance, may in the same 
manner be made to assume new forms, without losing a par- 
tide of the matter which they originally contained. 

The decay ofjjwmal or vegetable bodies in the open air, 
or iji^l W'' gt OffiiflT'a only a process by which the particles of 
which they were composed, change their places, and assume 
new forma. 

The decay and deconiposition of animals and vegetables on 
the surface of the EarJi form the soil, which nourishes the 
growth of plants and other vegetables i and these, in thdr 
turn, form the nutriment of animals. Thus ia there a, per- 
petual change from death to life, and from life to death, and 
as constant a auccesaion in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parli- 
de of matter is strutik out of existence. The same matter of 
which every living ^imal, and every vegetable was formed, 
before and since the flood, is still In existence. As nothing is 
lost or annihilated, so it is probable that nothing has been 
added, and that ve, ourselves, are composed of partides of 

TJniler wlial t^rcunutanceB may the puticka of niKltei again be collflcted 
in their ori^nalbnnl Wlieaboclieanifferdecsy, ■letlwu' particles kati 
What becomcB of the paitidea of bodies whichdecajl Is it probable thtf 
my matter has been annihilated, oi added, uuce^finteMB^onl 
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ey IS old aa tbe-creatioii. In time, we mast, in dot tum, 
T deeiHiipoeilioa, aa iJl Ibnua hare done before ns, snd 
m reaign tb« matter o( vhJcfa we «r« compoeed, to form new 



Inertia. — foertia means pBgcireness or want of power. 
Thtut matter is, of itari^ eoually ioeapabie of putting itself in 
mottoff or of bringing itself to restwnen in motion. 

It i« plain that a rixk or t)ie sarl*c« of the earlh, nerer 
ehan^ ite position in respect to o&er things on the earth. 
Ithesof itaelf nopower tomove,]Ujd would, therefore, forever 
lie BtJIl, tmless mored %y some external fwce. This fact i« 
proved by the experience of ev«ry person, for wis see the samti 
objects lyiog in die same positions all out lives. Now, it is 
jost as troe, that inert matter has no power to bring itself tf> 
lest, wheH once put in motion, as it is, that it cannot put it- 
self in motion, when at rest, for lumng no life, it is perfectly 
passive, both to motion and rest, and therefore either slate de- 
pends entirety upon eircomstaiKes. 

Common experienoe proving- that matter does not put itself 
in motion, we mii;ht be led to believe, that rest is the natural 
state of ail inert bodies, but a few conaiderstions will show, 
that motion is as much the natural slate of matter as rest, and 
that either etate depeads on the resistanae, or impulse, of ex- 
ternal caosee. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because &te ground is rough, and presents im- 
^iments to its motion; but if it be roIlM mi the ice, its mo- 
tion will continue much long^, because there are fewer im- 
pediments, and consec[uently, the same foive of impulse will 
catry it much Arther. We see from this, that witli the same 
impulse, the distance to which the hall will move must depend 
on the impediments it meets with, or the resistance it has to 
orereome. But suppose that the ball and ice were both so 
emooth as to remove as much as possible the resistance cnused 
by frietlon, then it is obvious that the ball would continHe to 
move longer, and go to a greater distance. Next suppose we 
avoid the firicdon of the ice, and throw the ball through the 
air, itwould dien continue in motion still longer with the same 

Wlutiasudof tlte pBiddes of matter of which we are msile 1 Wluit 
Joe* nxTtia mean 1 hnat ortatHian the natimi] stBtc of malteit Whv 
ioatheballnill &TthnontbB icetlun onthe giouiidl WhataoMthw 
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force of projection, because the air alone, presents less impedi- 
ment than Uie air and ice, and there is now nothing to oppose 
its constant motion, except the resistance of the air, and its own 
weight, or gravity. 

If the air DC exhausted, or piunped out of a vessel I^ means 
of an air pump, and a common top, with a small, hani point, 
be get in motion in it, the top will continue to spin for hours, 
because the air does not resist its motion. A pendulum, set 
in motion, is an exhausted vessel, will continue to swing, with- 
out the help of clock work, for a whole day, because mere is 
nothing to resist its perpetual motion, but the small friction at 
the point where it is suspended. 

We see, then, that it is the resistance of the air, of iriction, 
and of gravity, which cause bodies once in motion to cease 
moving, or come to rest, and that dead matter of itself ia 
■ ■ -~" ■ incapable of causing its own motion, or its own 



.-5^?"! 



W^tevc perpetual examples of the truth of this doctrine, 
in the Hfcon, and other planets. These Tast bodies move 
through Ivoes which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years e^o, or at the beginning of creation. 

Attraction. — By attraction is meant that property, or quality 
in the particles of bodies, which make them tend toward each 
oilier. 

We know that substances are composed of small atoms, or 
particles, of matter, and that it is a collection of these, united 
together, that forms all the objects with which we are acquaint- 
ed. JVow, when we come to divide, or separate any substance 
into parts, we do not find that its particles have been united, 
or kept together by glue, little nails, or any such mechanical 
means, but that they chng together by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant. Experiment and 
observation, however, demonstrate, that this power pervades 
all material things, and that under different modifications, it 

Why, with tlie Bame force of projection, will a biilE move bitfaei IhToagh 
^eairthan on the icel Why will a top spin, or a pendulum swing longer, 
in an eihauflcd vessel then in the air7 What are the causesntuch 
luet the perpetual motion of bodiea 1 Where have we an eia 
continueilmotion, nithout the existence of air and friction t What 
hy altraclion 1 What ia known aboot the cause of attraction 1 Is Utinctioit 
coinmon to all kinds of matter, or nc* 1 
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not only makes the particles of bodies adhere to each othrr, 
but is the cause which keeps the planets in their orbits as they 
pass through the heavens. 

Attraction has received difierent names, according to the 
circumatftaces under which it acts. 

The force which keeps the particles of matter together, to 
form bodies, ormasses, is called oMraction of cohesion. That 
which inclines ditTerent masses towards each other, is called 
attraction of gravitation. That which causes liquids to rise 
intube^, is called capillary attraction. That whicn forces the 
particles of substances of different kinds to unite, is known 
under the name of chemical attraction. 1%at which causes 
the needle to point constantly towards ihe poles of the earth 
is m-agnetic attraction ; and that which is excited by friction 
in certain substances, is known by the name of electrical at- 
traction. 

The following illustrations, it is hoped, will make each lim^^ 
of attraction distinct and obvious to tae mind of therstudent. 

Attraction of cohesion acts only at ioseusible diM»ncee, as 
when the particles of bodies apparently touch eacVother. 

Take two pieces of lead, of a round form, an inc'h in diame- 
ter, and two inches long ; flatten one end of each, and make 
through it an eye-hole Tor a string. Make the other ends of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought together, 
with a slight turning pressure, they will adhere with such 
force that two men can hardly pull them apart by the two 
strings. 

In Kke manner, two pieces of plate glass, when tlieir surfa- ' 
ces are cleaned from dust, and they are pressed together, will 
adhere with considerable force. Other smooth substances 
present the same phenomena. 

This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 
odier Bubstauces, aiid in some of the melals it is stronger 
than in others. In general, it is most powerful among the 
particles of solid bodies, weaker among those of liquids, and 

"What effect doca this power have upon the planela 1 Why has attrac- 
tion rrceivcd different names 1 How many kinds of attraction are there 7 
How does the attracUon ofcoheaion operate! What ia meant by attraction 
oferavitation ? What by capillary attraction! What by chemical attrao- 
tioni What ia that which make* me needle point (owaids Che pole'! How 
i« dcctrical attraction excited 7 Give an example of cohemTe attroclioi]. 
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probably entire)7 wanting htaoag elastic fluidsi BBehasidr, and 
thegaaea, 

llius, a small iron wire will hold a suspended weight ol 
many pooHds, without having its particles separated ; the par- 
ticles of water are divided 1^ « very small force, while those 
of ftir, are still more easily moved amon^ each other. These 
different properties depend on the force of cohesion With which 
the several particles of these bo^es are miited. 

When the particles of fluids are left to arrange themselves 
according to (ne laws of attraction, the bodies which they com- 
pose asanme the form of a globe or ball. 

Drops of water thrown on an oiled Bnrface or on wax — glo- 
bules of mercury, — haii stones, — a drop of water adhering to 
the end of the nnger, — tears running down the cheeks, and 
dew drops on the leaves of plants, are all examples of th^ law 
of attraction. The manufacture of shot is also a striking ill ns- 
tration. The lead is melted and poKred into a sieve, at the 
height of* abont two hundred feet from the ground. The 
stream of lead immediately after leaving the sieve, separates 
into round globules, which, before they reach the ground, are 
cooled and become solid, and thus are formed the snot need by 
sportsmen. 

To account for the globular form in all these cases, \n hKve 
only to consider that tlie particles of matter are mutually at- 
tracted towards a common centre, and in Kquids being free to 
move, they arrange themselves accoriKngly. 

In all figures except the globe, or ball, some of the particles 
must be nearer the centre than others. But in a body that is 
perfectly round, every part of the tmtside is exacdy at uig same 
distance from the centre. 

fig- 1- Thus flie eomera of a cube, or square, are 

at much greater distances from the centre, 
than the rades, while the circumference of 
I a circle or ball is every where at the same 
\ distance from it. This difference is shown 
j by fig. 1, and it is quite obvioos, that ii the 
/ particles of matter are equally attracted to- 
wards the ctmimon centre, and are free to 
arrange themselves, no other figure could 

In what mtHtancCH is cohem 
■timceeiBltneakeitl Wh; lu 
than tbcM of ntids 1 
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pcMsibly be foTBied, since then ereiy part of th« outside is 
equally attracted. 

The 817D, eartb, moon, and iruleed a}l the heaTenly bodies, 
BTeiHuatratiaas of thia hw, and therefore were probably in bo 
soil a state when first tbrmeil, as to allow their particles freely 
to arrange them selves accordingly. 

Attraction of gravitatiori. — As the at^ction of cohesion 
unites the particles of matter into masMs or bodies, so the 
attraction, of gravitation tends to force these masses towards 
each other, to form those of stfll greater djpiensions. The 
term gravitalipn, does not here strictly refer 'to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether dovnnards, upwards, or horizontally. 

The attraction of graHtation ia mntnal, since all bodies not 
only attract other bodies, but are themselves attracted. 

F^. 2. Two cannon balls, when suspended by long cords, 
1 so as to hang quite near each other, aw found to 
exert a mutual attraction, so ^hat neither of the 
cords is exactly perpendicniar, but they approach 
each other, as in fig. 3. 

In llie same manner, the heavenly bodies, 
when they approach each oilier, are drawn out of 
the line of their paths, or orbits, by mutual at- 
traction. 

The force of attraction increases in proportion , 
as bodies approach each other, and by the same 
law it must dinuiiish in proportion as they recede 
from each other. 

Attraction, in technical language, ia inveraely 
as the squares of the distances between the two 
bodies. That ia, in proportion as the square of 
the distaoce increases, in the same proportion at- 
traction decreases, and ao the contrary. Thus, if at the dis- 
tance of 3 feet, the attraction be equal to 4 pounds, at the 

Wbal fiirm do Bmda take, when (heir peiticlee are left (o tbeir own 
omngement 1 Giie eiampleB of thU Uw. How is the Hdbnlar farm 
nfaicli liquiita eBsume, BCcountcd for 7 If tbe parUclea of a uoJir are 1i«B 
to more, and arc eqnuJly attncted towsrdi the ceatie, what must be ils 
flguie 1 WLj rauit the S gqm tte a. globe 1 What ereat nataral bodies 
are eismplen of tbia law 1 What ia meant bj aUniction of graiitnlim 1 
Can one bodj attrut anotbei without beine itself attncted 1 How ia it 
proi«dthat bo£(« attract cMh other 1 Bjmntkw, or rule, doea the IbreB 
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dislanceof 4 feet, it vill be only I pound ; fortheBquare of 2 is 
4, and the square of 4 is 16, wnicn ia 4 times the square of 8. 
On the contrary, if the attraction at the distance of 6 feet be 3 
pounds, at the distance of 3 feel it wUl be 9 times as much, or 
37 pounds, because 36, t)ie square of 6, is equal to 9 times 4, 
the square of 3. 

The intensity of light is found to increase and diminish in 
the same proportion. TTius, if a board a foot square, he placed 
at the distance of one foot from a. candle, it will be found to 
hide the liffht from another board of two feet square, at the 
distance of two feet from the candle. Now a board of two feet 
square is just four times as large as one of one foot square, 
and therefore tlie li^ht at double the distance being spread 
over 4 times the surface, has only one fourth the intensity. 

Pig. 3, This experiment 

may be easily tried, 
or may be readilj- 
understood by fig. 
3, where c repre- 
sents the candle, A 
ttie small board, 
and B the large 
one ; B being four times the size of A. 

The force of the attraction of gravitation, is in proportion 
to the quantity of matter the attracting body contains. 

Some bodies of the same bulk contain a much greater quan- 
tity of matter than olliera-: thus, a piece of lead contains about 
twelve times as much matter as a piece of cerk of the same 
dimensions, and therefore a piece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equall)'. 

Capillary Attraction. — The force by which small tubes, or 
porous substances, raise liquids above 'their levels, is called 
capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be^rai^ed above the level of that on the outside oi 

Give an eiBinple of tMs rule. Haw Is it shown that the inlcnuity ol 
liglil inercRBOs and climinishes in the earae ptopottion as the attraction of 
iiinttei 1 Do bodies attract in proportion to bulk, or qnaiitity of matter 1 
What would bo the difTereiicc of attraction between a cubic inch of lead, 
and a. cubic inch of corkl Why would there be so much differenoel 
What IE meant b; cafnUu; attraotirai 1 How is this kind of Utrsction il- 
luaUated with a glass tube 1 
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die tube. The cause of thia aeems to be nothing more tban 
(he ordinary attraction of the particles of matter for each other. 
The sides of a small orifice are so near each other, as to at- 
tract the particles of the iiuid on their opposite sides, and as 
all attraction is strongest in the direction of the greatest quati' 
tity of matter, the water is raised upwards, or in the direction 
of the length of the tube. On the outside of the tube, the o]>- 
poeite surfaces, it is obvious, cannot act on the same column 
of water, and therefore the influence of attraction is here hard- 
ly perceptible in raising the fluid. This seems to be the rea- 
son why the fluid rises higher on the inside than on the outside 
of the tube. 

A great Tarie^ of porous Bubstances arc capable of this kind 
of attraction. If a pi^e of sponge or a lump of sugar be 
placed, so that its lowest comer touches the water, the fluid 
will rise up and wet the whole mass. In the same manner, 
the wick of a lamp will carry up the oil to supply the flame, 
though the flame is several inches ahove the level of the oil. 
If the end of a towel happens to be left in a basin of water, it 
will empty the basin of its contents. And on tlte same princi- 
ple, when a dry wedge of wood is driven into tlie crevice of a 
ro4^, and afterwards moistened with water, as wheti the rain 
falls upon it, it will absorb the water, swell, and sometimes 
split the rock. In Germany, mill-stone quarries are worked in 
this manner. 

Chemical attraction takes place between the particles of 
substances of diflerent kinds, and iiOhes them into one com- - 
pound. 

This species of attraction lakes place only between the 
particles of certain substances, and is not, therefore, a univer- 
sal property. It is also known under the name of chemical 
ajinity, because it is said, that the particles of substances hav- 

Xm aflinity between them, will unite, while those having no 
ity for each 6ther do not readily enter into union. 
There seems, indeed, in this respect, to be very singular pre- 
ferences, and disUkes, esisling among the particles of matter. 
Thus, if a piece of marble be thrown into sulphuric acid, 
their particles will unite with great rapidity, and commotion. 

Why does the water rise higher in the tube, than it does on the oulsUe 1 
Give ioine common illUBtretkins of this principle. What is the elTeut of 
cheinicKl.attnictioa'? By y hat other naine ia this kind of aitniction fcnownl 
What efiect u produced fihen mubls and snlphahc acid an biought to- 
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aod there viU restllt a compound differing in alt respects frDm 
iLe acid or the marble. But if a pece of glaae, qvantz, sold, 
or silver, be thrown into the acid, no change is producea oo 
either,' because their particka have no [dTinity. 

Sulphur and quicksilver, fslien healed together, will form a 
. beauti&l red compound, kno*n under the name of vermilion, 
and which has none of the qualities of snlphut or quicksilver. 

Oil and water have no alfimty for each other, but potash 
has an attraction for both, and therefore oO and water will 
qnite when potash U mixed with thcni. In this manner, the 
well known article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil 
or the water; and therefore when soap is mixed with an acid, 
the potash leaves the oil, and unit«|(with the add, thus de> 
Gtroying the old compoimd, and at the same instant forming ■ 
new, one. The same happens when soap ia dissolved in any 
water containing an acid, as the water of the sea, and of cer- 
tain wells. The potash forsakes the oil, and unites whh the < 
acid,, thus leaving the oil to rise to the suriace of the water. 
Such waters are called hard, and will not waah, because the 
acid renders the potash a neutral substance. 

Magnetic Attraction. — There ia a certain (»re of iron, a 
fnece of winch, being su^euded by a thread, will always 
turn one of its sides to the north. This is caJted the load- 
stone, or natural Magnet, and when it is brought near a piece 
of iron, or steel, a mutual attraction takes place, and under 
certain circumstances, the two bodies wilt come together and 
adhere to each other. This is called Magnetic Attraction. 
When a jriece of steel ,or iron ia rubbed with a Magnet, the 
same virtue is communicated to the steel, and it will attract 
other pieces of steel, and if suspended by a strinv, one of its 
ends will constantly point towards the north, while the other, 
of course, points towards the soulli. Ttiis ia called an artificial 
Mao;nel. The magnetic needle ia a piece of steel, first touched 
with the loadstone, and then suspended, so as to Km easily 

Whet is the effect when gUn and this odd ate broaght together ? 
W hat is the reason of thia difference 1 How may oil and water w mado 
to unite 1 Whiit is tbe co mpo ajtion thus fbrmed called 1 How does an odd 
destro; tbia compound 1 What is the reuan Ihal bud wfttei will not 
washi What is a natoral magnetl What is meant by magltetic attnc- 
tkul WhatisaDBftifidaliiiapietl Wtutf if a magoetk nwda^ 
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an a jKiint. Bf means of this iutnnreat, the. mariner guidea 
his ship through the pathlws oeean. See Magnetism.. 

Electrical Jift-flclion.— When it piece of ^ass, or sealing 
'vrax, is robbed with the Ary htmd, or a p4eee of doth, and then 
lield towards eny light eubslancc, such as hair, or thread, the 
light body will be attracted bv it, and will adheir, for a rno- 
ment to the glass or wan, Tftie influence which Ihos moves 
flie Bght body is called Electrical Attraction. (vWhen thp Kght 
body nas adhered to the eurfece of theajass for ^ moment, it is 
again thrown oi^ or repelled, and this is called Electrical Re- 
pulsion. ) fke Electricity. 

We have thus described and ilkistraled all the universal or 
iidterent properties of. bodies, ajid have also noticed the seve- 
ral kinds of attraction which are peculiar, namely. Chemical, 
Magnetic, and. Electrical. Theie are still several properties 
to be mentioned. Some of them belong to certain bodies in a 
peculiar degree, while other bodies possess them but lightly. 
Others belong exclusively to eertaii^ substances, and not at all 
to.otbers. Thfee properties are as follows. 

Density. — This property relates to th J compactness of bo- 
£^s,)br fne number of particles which a body contains within 
a giVen bulk. It is closeness of texture. Bodies which are 
most dense, are those which contaiq the least number of pores. 
Hence the density of tlie! metals .'is much greater than the 
densityof wofd. Two bodies being of cquajDulk, that which 
weighs most, ' is most dense. Some of the metals may 
hare this quality increased b^ hammering,' by which their 
patea are filled up and their particles are Drought nearer to 
each other. The densin'' of air is increased by forcing more 
into a close vewel than it natufally contained. 

Rarity. — This is the quality -opposite to density, and means 
that the substance to which it is applied is porous, and light 
Thu^MT, water, and ether,' arc rare substances, while' gold, 
lead, and pl8tina,''are dense bodies. 

Hardness. — This property is not in proportion, a« might 
be expected, to the density of the substance, but to the' force 
vrith which the particles of a body cohere, or keep their . 



What 

electric*! repukaaii'I . ^ 

Ron maj this quofiW be increued li 
What are rue bodiesl WhaCu ~ 



ia&om ienatji 



D,mi,.=db,Goo<ilt 



2SJ PROPERTIES OF BODIES.' 

places. GlasB, foriiiglance,^willBcratch goldorp1atina,th(ras;h 
these metals ere much more dense than glass. It is protiabie, 
therefore, that theae melalsVontain the greategt number of par- 
ticlca, but that those of the glass ar^more firmly fixed in their 
places. , 

Some of (he metals can be madi hard or soft at pleasure. 
Thu^steel frhen' heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cool slowly, it ia soil 
and flexible. 

Elasticity is that property in bodies by which, after being 
forcibly compressed or bent, they regain their original state 
when the force is removed./ 

Some substances are highly elastic, while others want this 
property entirely.* The separation of two bodies after impact, 
or striking logeUierjIis a proof that one or both are elastic 
In general, most hard and dense bodies, possess this quality 
in greater or less degree.v Ivory, class, marble, flint, and ice,i 
are elastic solids. An iryiv ball, dropped upon a marble slab) 
will bound nearly to the height from whicS it fell, and n» 
mark will be left on either. India rubber is esceedingly elas- 
tic, and on being thrown forcibly against a hard body, will 
hound to an amazing distance. 

» Putty, dough, and wet clay, tire examples of the entire want 
of elasticity, and if eifher of fliese be thrown against an impe- 
diment, they will be flattened, stick to the p»ce th«y toucli, 
and never, like elastic bodies, regain their former shapes. 

Among fluids, water, oit, and iii general all such substances 
as are denominated liquids, are nearly inelastic, while*air and 
the gaseous fluids, '^re the most elastic of all bodies. 

BriUleM:sS-\i the property which renders substances eanly 
broken, or separated iitfo irregular fragments. This property 
belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, sinc^ m many substances, both these properties are 
united. \Glass is the standard, or type of brittleness, and yet 



Why will gisssflcratih gold or platina? What metal nan be madehafd 
nrsaftBt|fcBBUre1 What is meant by elafitidty 9 How is it known tliat ' 
bodieg poescBS tliis property t Meatjon eeieral elastic solids. Give exam- 
ples of inelastic eohds. Do liquide posspm- ttua propertjl-; -What are the 
moet elastic of aJl subel&nces 1 What is brittleness^ Are britUcness and 
elattictty ever found in the eame anbatancet Giveeiamides. 
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. K ball, or fine threads of this sut||hnce are hiKbty elastic, as 
; may be seen by the bounding of me one, and the apringiog 
of the other. BritlleneBS often results from the treatment to 
which trabslances are lubmitted. * Iron, eteel, brass, and cop- 
per, become brittle whan heated and*auddenly coo]cd,A>ut if 
cooled slowly, th^ are not easily broken. ■ 

JHa/ZeaiiHty.— Capability of being drawn under the ham- 
mer, or rolling press, i This property belongs to some of the 
metals, but not to all, and is of vast importance to the arts 
and conveniences of life. ^ i 

The Malleable metals are, gold, silver, irop, copper, and 
some others.^ Antimony, bismuth, and cobalt, are brittle me- 
tals. Brittleneas is therefore the opposite of malleability. 

Gold is the most malleable of tdl substances. It may be 
drawn under the hammer so thin that light may be seen 
through it Copper and silver are also exceedingly malle- 
able. \ 

Buatility, is that property in substancM which renders ihem 
susceptible of belhg drawn into wire. ' 

We should expect that the most malleable metals would also 
be the most ductile ; but experiment proves that this i*not the 
case. Thus, tin and lead may be drawn into thin leaves, but 
' cannot be drawn into small wire. Gold is the moat malleable 
of all the metals, but pladna is the most ductile. Dr. Wollas- 
tOQ drew platina into threads not much larger than a spider's 
web. . 

Tenacity, in common language called ^toughness, refers to 
thet force of cohesion among the particles of bodies. Tena- 
cious bodies are not easily pulled aparL There ia a remark- 
able difierence in the tenacity of difierent substances. Some 
pQSsesfl this property in a surprising degree, while others are 
torn asunder by the smallest force. ,' 

Among the malleable metaIs,\irijE and steel are the most 
tenacious, while lead is the least so. ' Steel is by for tbe most 
tenacious of. all known substances. ^ A wire of this metal 
no larger than the hundredth part of an inch in diameter 
sustained a weight of 134 pounds/while a wire of platina of 

How are iron, steel, and brass, maije brittle 1 What doe* malleabili^ 
meui "i What metala are malleable, and what ones are brittle 1 Whicti 
is tbe iDost malleable metal 1 What ia meant by ductilil; 1 Are the meat 
malleable metalg, the moat dnctilo 1 What ig meant by leaaeit; 1 Fiom 
what doe* this propertj arixs 1 What metali are moM tenacbwl 
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Ihe atmesw, would eustan a wdcht otoaly 16 pounds, and 
one of lead only 2 poundll Ste^ wire will suetaia 39f00P 
leet of its own length without breaUing- 

ReeapUidation. — The common, or essential properties o^ 
bodies are,^ Impenetrability, Extension, Figure, Divisibility 
Inertia, and Attraction. ' Attraction is of several kinds, aame 
ly, Attraction of cohesion. Attraction of gravitation, CapiHary 
atb^£tion. Chemical attraction, Magnetic attracdon, and Elec- 
trical attraction. ^ 

The peculiar propertJeB ofbodiesare,DenBi^,Baiify', Hard- 
ness, Elasticity, Bnttlenese, Malleability, Ductility, aiid Tena- 
city-. , 

Force of Gramty. 

The force by which bodies are drawn towards each othei 
in the niass, and by which they descend towards the earlii 
when suspended or let fall from a height, is called the fbtve 
otgravity. 

The attraction which the earth exerts on ajl bodies near its 
surface, is called teTTestridl gravity, and the force with which 
any substance is drawn downwards. Is called its weight. 

All failing bodies (end downwards towards the centre of the 
earth, in a straight line from the point where they are let &1L 
If then a body be let fall in any part of the world, the line of 
its direction will be perpendicular to the earth's surlace. It 
follows, therefore, that two falling bodies, on opposite parts 
of the earth, mutually fall towards each other. 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the other side of the earth, its motion in re- 
^ct to us, would be upward, whde the downward motion 
from where we stand, would be upward in respect to those 
who stand opposite to us, on the othw side of the earth- 
In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from ua, its line of direction 
would be directly across, or at right angles with the line al- 
ready supposed. 

Wbal j^portion does tbe leoadt; of steel bear to that of plaUna and 
leiii 1 What are the esoeiitiH] piopertiefl of bodies 1 Hon oiaii; kinds of 
attraction are IhCTc 1 What are tbe peculiarpropertiee of bodiea J ( Whal 
18 gmvit; 1 What u lerreeliiiil gravity t To nhaf pinnt in the earth do 
blling bodiei tend t In nhat direc^n will two Mittg bodies, gom oi^naile 
parts of the earth tend, in reapect to each other 1 iBWhat direction wUl 
one tiom half wa; between Uiem meet theii line 1 ^^ ■ 




This will be readily imder- 
stood by fig. 4, where the 
drcle is suppoBed to be the 
circumference of the earth, 
a, the ball falling towards tt» 
upper surface, where we 
stand ; b, a ball &lhng to- 
wards the opposite side of the 
^^ earth, but ascending in re- 
spect to us, and d, a Dall de- 
scending at the distance of a 
Quarter of the circle, from 
tne other two, and crossing 
the line of their direction at 



right a 
It w 



i . »t will be obvious, there- 

® fore, that what we call up and 

dovm are merely relative terms, and that what is down in re- 
spect lo us, is up in respect to those who live on the opposite 
side of the earth, and so the contrary. Consequently down, 
every where means towards the centre of the earth, and up 
troni the centre of the earth; because all bodies descend 
towards the earth's centre, from whatever part they are let 
fell. This will be apparent when we consider, that as the earfli 
turns over every 34 hours, we are carried with it through 
the points a, d, and h, fig. 4 ; anj therefore, if a ball is sup- 
posed to fall from the pomt a, say at 12 o'clock and the same 
ball to fall again from the same point above the earth, at 6 
o'clock, the two lines of direfilion will be at right angles, as re- 
presented in the figure, for that part of the earth which was 
under a at 12 o'clock, will be under d at 6 o'clock, the earth 
having in that time performed one quarter of its daily revolu- 
tion. At 12 o'clock at night, if the ball be supposed to fail 
again, its line of direction will be at right angles with that of 
its last descent, and consequently it will ascend in respect to the 
point on which it fell 12 hours before, because the earth would 



How is thiB shown by the figure 1 Are lie tenna up niui down, relatirt^ 
or pmiliTB, in their meanine 1 What ia undeulood b; dovm in im; part 
of tttB earth 1 Suppose atKjJbelet&liatiauid then at 6 o'clock, in what 
direction would the. lines of their deacent me^ each oilier t Supiwae two 
billi to docend &wLt4>piwte rides of the euth, what would be tnoir dino- 
tioa in nipect to ea(£ oUia 1 

3 
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have thea cone through one half her liaily rotation, and the 
point a wouldbe at d. 

The velocity or rapidity of every felUiw body, is uBi£:>rmly 
accelerated, or increaaed in its approach totvarda the earth, 
from whatever height it Iblla. 

If a roch is rolled from a steep monnlain, its motion is at 
first alow and gentle, but as it proceeds downward, it moves 
with perpetually increased velocity, seeming to gather freah 
speed every moment, until its force is such that every obstacle 
is overcome ; trees and rocks are beat from its pain, and ita 
moiioa does not cease until it has rolled to a great distance on 
the plain. 

The same principle of increased velocity as bodies descend 
from a height, is curiously UJustraled by pouring molasses or 
thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
vessel, as it descends, is reduced to the size of a straw, or 
knitting needle ; but what it wants in bulk is made up in ve- 
locity, for the small stream at the ground, will fill a vessel 
just as soon as the large one at the outleL 

For the same reason, a man may leap from a chair vrithout 
danger, but if he jumps from the house top, his velodty be- 
comes so much increased, before he reaches the ground, as to 
endanger his life by the blow. 

It is found by esperiment, that the motion of a foiling body 
is increased, or accelerated in regular mathematical propor- 

These increased proportions do not depend on die increased 
weight of the body, because it approaches nearer the centre of 
the earth, but on the constant operation of the force of gravi^, 
which perpetually gives new impulses to the foiling bi^y, and 
increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, pusses through a space of 16 
feet and 1 inch during the first second of time. Leaving out 
the inch, which is not necessary for our present purpose, the 
ntio of descent is as follows. 

Suppose the body foUs through a space eipial to 16 feet the 

What u aojd concerning the motionB of foiling bodieB 1 Hon is thia io- 
eieued velocity illiutnited 7 Why is there any more daager in jnniuug 
bnn the bowe tqp than fiiom a duii 1 WhstQiunberofMtdoetafoDing 
badypMB thiough during the fintiecoodl 
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fint seeond otHjiK ; »t the end of this apace and teie, it wHl 
hare acquired such a degree of celerity as is suffii^nt to cam' 
it tfarooKh twice this apace durin? the ntxt second, though it 
shoidd Uien receive no new impidse from the cause by waidi 
its motion had been acceleratea ; but if the same accelerating 
cause continne, it will cany the body 16 feet tiirther ; on 
whicfa account, it will have faUen in all four times 16 feet, or 
64 feet at tbe end of the second second ; and then it will hare 
acquired such a degree of celerity as is sufficient to cany it 
through a double space in as mudi more time ; that is 4 times 
16 feet in one second more, even though the force of gravity 
or the accelerating force should cease to act But this force 
stiU continuing to act in a uniform manner, it will again in 
equal time produce an equal efiect, and will therefore add 16 
feet to the velocity already acquired, at the end of the second 
second, which bemg 64 leel, it wiU fall 80 feet, or five times 
as &r &e third second, as it did the first. In three seconds, 
the velocity acquired will be 3 times that acquired at the end 
of the first second, which being twice 16 feet, ia equal to 6 
times 16 feet, to which, a^in, U to be added the accelerating 
force 16 feet, making 7 tunes 16 feet for the space passed 
through during the fourth second. 

Hence we learn that if a body moves at the rate of 16 feet 
during the first second, it will move 48 feet during the next 
second, making in all 64 feet at the end of ihe second second, 
5 times 16 during the third, or 80 feet, and 7 times 16, or 112 
feet, in the 4A second, and so on in this proportion. 

Thus it appears, Uiat to ascertain the velocity with wliich a 
body &119 in any given time, we must know how many feet it 
fell during the first second. The velocity acquired in one 
second, and the space &l!en through during Ihat time, being 
the fundamental elements of the whole calculation, and all that 
are necessary for the computation of the various cixcumstances 
of falling bodies. 

The mfficulty of calculating exactly the velocity of a felling 
body from an actual measurement of its height, and the time 



HowitadMHit &n during the next second 1 Eow Tar during the thirdl 
Soppjae theaccelenitiiiB force shoHld cease at the bf ginning of the third se- 
cond i how &r would it &I1 during that aeamd 1 Why does it fell more 
thanthii during that lecond^ How man; times 16 feet doe0abod;f move 
in the 4th second 1 What are the fimdiimeiital element! bj wluch th« 
rdodij of B &Iiiiig body may be computed 1 
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which it takes to reacli the ground, ia so greai, that no accn 
rate computatioa could be made from such an esperiment. 

This difficulty has, however, been overcome ly' a curiova 
piece of machinery, invented for this purpose by Mr, Atwood. 
Fig. 5. This machine consists of two 

upright posts of wood, Sg. 5 wiUi 
IS pieces, as shown in the fig 
The weights A and B, an, 
of the same size, and made to ba- 
hnce each other very exactly, 
and are connected by the thread 
which passes over tne wheel C. 
P is a ring through which the 
weight A passes, and G is a stage 
on which the weight rests in its 
descent. The ring and stage 
both slide up and down, and are 
fixed at pleasure by thumb 
screws. The post H, is a 
graduated scale, and the pendu- 
him K, is kept in motion by clock- 
work. L, is a small bar of me- 
tal, weighing a quarter of an 
ounce, and longer than the di- 
ameter of the ring F. 

When the machine is to be 
used, the weight A is drawn up to 
ihe top of (he scale, and the nng 
and stage are placed a certain 
number of inches from each other. 
The small bar L, fe then placet^ 
across the weight A, by means oi 
which it is made slowly to de- 
scend. When it has descended to the ring, the smafl weight 
' 's taken off by the ring, and thus the two weights are left equal 
1 other. Now it must be observed, that the motion, 
and descent of the weight A is entirely owing to the gravi- 
tating force of the weight L, until it arrives at the ring F, 
when the action of gravity is suspended, and the large weight 




ting tbe rekidlies of falling 
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ecmtinnes to more downwards to the atage, in consequence of 
tbe Telocity it had acquired previoualy to that time. 

To comprehend the accuracy of this machine, it must be 
understood that the velocities of gravitating bodies are Bup< 
posed to be equal, whether they are large or small, this being 
the case when no calculation is made for the resistance of the 
air. Consequentlv, the weight of a quarter of an ounce placed 
on the large weigtit ^, b a representative of all other solid 
descendi&jg bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accurately measured, for it is the in' 
crease of velocity which the machine is designed to ascertain 
and not the actual velocity of falling bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body fulls, provided it 
foUoas the same laws as other descending bodies, and it has 
already been stated, that all estimates on liaa subject are made 
from the known distance a body descends during the first se- 
cond of time. 

It follows, therefore, that if it can be ascertained, exactlv 
how much bster a body lalls during the third, fourth, or fimi 
second, than it ^d during the first second, bv kaoning 
how tar it iell during the lirat second, we sbonla "be al^le to 
estimate the distance it would fall during alt succeeding 
seconds. 

U, then, by means of a pendulum beating seconds, the 
weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de- 
scent would be precisely ascertained, and could be easily ap- 
plied to the fiJhng of other bodies ; and this is the use to which 
this instrument is applied. 

By this machine, it can also be ascertainad, how much the 
acttwl velodty of a falling body depends on the force of gravi- 
ty, and how much on acquired velocity, for the force of gravity 
gives motion to the descending weight only until it amvea at 



tag bod;, a on); ila incnaae 1 Hon do« Mr, Atwood'a machine ahun 
bow nnieli the cekiit; of & bod; depends upon giavit;, uid ban mack on 
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the ring, after which the motion is continued by the relocit) 
it had before acquired. 

From experiments accurately made with this machine, it has 
been fully established, that if the time of a falling body be di- 
vided into equal parts, say into seconds, the spaces through 
which it falls in each second, taken separately, will be as the 
odd numbers, 1, 3, 6, 7, 9, and so on, as already stated. To 
make this plain, suppose the times occupied by the falling body 
to be !, 3, 3, and 4 seconds ; then the spaces fallen t&ougfi 
ivill be as the squares of these seconds, or timeB, viz. 1, 4, 9, 
and 10, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. The distance fallen through, there- 
fore, during the second second, may be found, bv taking 1, 
the distance corresponding to one second, from 4, the distance 
corresponding to 3 seconds, and is therefore 3. For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body fells 
a certain distance, during the next second, it falls three times 
that distance, during the third, Ave times that distance, during 
the fourth, seven times that distance, and so continually in that 
proportion. 

It will be readily conceived, that solid bodies falling from 
great heights, must ultimately acquire an amazing velocity 
by this proportion of increase. An ounce ball of lead, let 
fall from a ceHain height towards the earth, would thus 
acquire a force ten or twenty times as great as when shot 
out of a rifle. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the earth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earfi's projectile force destroyed, it would fall 
to the sun in sixTy-four days and ten hours, a distance of 
95,000,000 of miles. 

Every one knows by his own experience the different 



Suppoee the titnes of a falling body are u the numbers 1, 8, 3, 4, nlut 
will be the numbers reprewnting the apaces through which it &I1b 7 Suppose 
El bodv &lls 16 foet the iii^t semnd, bow (or will 11 fall the thin! encond 1 
Would it be posrable tor a rille ball to acquire a ereater force bj felling, Ihan 
if ahot trom a rifle 1 How long would it take the Moon to Come to the 
earth according to the law of increaaed *elodt;1 How long would it take 
the earth to M to the aonl 
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eSbota of the same body &lling fivm a ereat or a small 
height. A boy will tosa up his leaden bullet and catch it 
\n& his band, but be aoon leams, by its painful effects, not to 
throw it too high. The effects of hail-stonea on window 
glass, animals, and vegetation, are ofi«n surprising, and 
sometimes calamitous illustrations of the velocity of falling 
bodies. 

It has been already slated that the velocities of solid bodies 
falling from « riven height, towards the earth, are equal, or in 
other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in theory, but there is a slight difference in 
this respect in favor of the velocity of the larger body, owing 
to the resistance of the atmosphere. We, however, shall at 
present consider all solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
trae when they pass without resistance. 

To comprehend the reason of this we have only to con- 
sider, that the attraction of gravitation in acting on a mass 
of matter acta on every particle it contains; anif thus every 
particle is drawn down equally and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quan- 
tity of matter the mass contains, and not in proportion to its 
bulk. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
lead will contain twelve particles of matter where the wood 
contains one, and consequently will be attracted mth twelve 
times the force, and therefore will weigh twelve times as 
much. 

If then, bodies attract each other in proportion to the quan- 
tities of matter they contain, it follows that if the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doubled; and if its quantity of matter were 
tripled, all bodies would weigh three times as much as they 
do at present. 

It follows also, that two attracting bodies, when free to 
more, must approach each other mutually. If the two bodies 



■pace in i^ same tunel On what parte of s mass of matter does tLe force 
of gniTitj sctl la the eflect of gravity in proportion to bulk, or quantity ol 
matter 1 Were the maea <£ the earth doubled, boir much man ihould m 
weigh than we do now 1 



D,mi,.=db,Gooylc 



da GEAVITT. 

contain like quantities of matter, their approach vill be equal 
]y rapid, ana they will move equal diatancee towards each 
other. But if the one be email and the other large, the Bmall 
one will approach the other with a rapidity proportioned to the 
lesa quantity of matter it contains. 

It is easy to conceive, that if a man in one boat puUa at & 
rope attached to ajiother boat, the two boats, if of the samfi 
size, will move towards each other at the same rale ; but if the 
one be large and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with at much less velocity ae its size is greater. 

A man in a boat pulling a rope attached to a ship, seems 
only to move the boat, but that he really moves the ship is cer- 
tain, when it is considered, that a thousand boats pulling in the 
same manner would make the ship meet them htdf way. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, move them with dif- 
ferent velocities, and that these velocities are in an inverse jn'o- 
portion to their quantities of matter. 

In respect to equal forces, it is obvious that in the cane of 
the ship and single hoat, they were moved towards each«ther 
by the same force, that is, the force of a man pulling hy a rope, 
llie same principle holds in respect to attraction, for all bodies 
attract each other equally, according to the quantities of mat- 
ter they contain, and sinc« all attraction is mutual, no hodjr 
attracls another with a greater force than that by which it is 
attracted. 

Suppose a body to be placed at a distance from the earth 
weighing two hundred pounds ; the earth would then attract 
the body with a force equal to two hundred pounds, ,and the 
body would attract the earth witli an equal force, oUierwise 
their attraction would not be equal and mutual. Another body 
weighing 10 pounds, would be attracted with a force equid 
to 10 pounds, and so of all bodies according to the quantity of 

Suppose one body muring towards another, thiee times as iaige, hf the 
fiynx of pravitr, nhat woula be their piopoitional velodliest How ii this 
iltDBtrated 1 Doea a large hoJ j attract a amall one with anv more fbroe Ihaa 
it is attracted 1 Snppnee a txidy weigMng 900 ponnda to be placed at a du»- 
tatice from ihe earth, with ton much force does the earth atUact the boi^ 1 
With what force does the body attract the earth t 
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matter they contun ; each body being attracted by the earth 
with a force equal to its own weight, and attracting; the earth 
with an equa) force. 

If the man in the boat pulled the rope with the forc« of 100 
pounds, it is plain that the foree on each Tesael would be 60 
pounds ; for suppose each end of the rope lo be thrown over 
4'pulley, and a weight of GO pounds attached to these ends, it 
would take just 100 pounds in the middle of the rope to balance 

It is inferred from these principles, that all attracting bodies 
which are free to moTe, niutually approach each other, and 
tbbrefore that the earth moves towards every body which is 
raided from its surface, with a velocity and to a distance pro- 
portional to the quantity of matter thus elevated from its sur- 
uc?. But the velocity of the earth being as many times less 
than that of the &lling body as its mass is greater, it follows 
that its motion is not perceptible to us. 

The followin? calculation will show what an immense mass 
o{ matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

Ifa ball ofearth equal in diameter to the tenth part of a mile, 
were placed at the distance of the tenth part of a mile from the 
earth's surface, the attrdcting powers of^the two bodies would 
be in the ratio of about 612 millions of millions to one. For 
die earth's diameter being about 8000 miles, the two bodies 
would bear to each other about this proportion. Conseijuent- 
ly if the tenth part of a mile' were divided into 512 million of 
millionsof equal parts, one of these parts would be nearly the 
apace through which the earth would move towards the tailing 
body. Now in the tenth part of a mile there are about 6400 
inches, consequently this number must be divided into 512 mil- 
lions of millions of parts, which would give the eighty thou- 
sand'miUionth part of an inch through which the earth would 
move to meet a body bfthe tenth part ofa mile in diameter. 

Suppose i man in one boat, puUa witft the tone of 100 pounds at a tope 
Tutened to another Inat, wtial would be tlie ibrce on eacti tiou f How is 
Qae illustrated^ Suppme the body Ms tonards the earth, is tUe eaitli set 
in motion by its attraction'! WHy is not the eutti'B motion towards it 
penepbble 7 What distance would a body, the tenth part of a mile in 
dian»et«r, pbcedstthediMaiiceofa tenth putofs mile, attract the eartb to- 



D,mi,.=db,Gooylc 



31 ASCENT OF SODIsa. , 

■^ AaceiU of Bodies. '.* 

Having now explained and illuBtrated the influence ot 
gravity on bodies moving downward and horizontally, il 
remains to show how matter is influenced by the some power 
when bodies are moved upward, or eontrajy to die force of 
gravily. - -- 

Wl»t has been stated in respect to the velocity of falling 
:I^.6, bodies is exactlyrever«ed in respecttothoeewhich&re i 
■* thrown upwards, for as the motion of a falling body ^ 
'■ is increased by the action of gravity, so is it retaitled t 
by the same force, wben thrown upwards. 

A bullet shot upwards, every instant loses a part of - 
its velocity, until liaving arrived .» the highest point 
from whence it was thrown, it then returns again U> the 

The same law that governs a descending body, 
governs an ascending one, oniy that their motions are 
reversed. " 

The same ratio is obsenred to whatever distance &» 
ball is propelled, or as the height to which it is thrown 
may be estimated from the space it passes through dm- 
ing the lirst second, so its retunungveloeity is in a like 
ratio to the height to which it*was sent. 

This will he understood by tig. 6. Suppose a ball 
to be propelled from the point a, with a force which 
would carry it to the point b in the first second, to cin 
the next, and to d in the Third second. It woiild then 
remain nearly stationary for an instant, and ia return- 
ing, wonld pass through exactly the same spaces in the 
. same times, only that its direction would be reversed. 
Thus it will fall froin iJ to c, in tlie first second, to & in 
the nejrt, and to a in the third. 

Now the force of a moving body is.ss its velocity and 
its quantity of matter, and hence the same ball will fall 
with exactly the same force that it rises. For instance, 
a ball shot out of a <lfle, witfi a force sufficient to over- 
come a certain impediment, on retumiii^, would again 
overcome the same "impediment. 

WhateffectdoesUiefbiceofgMTity h£ieontN>(lkiia(niiiciqitrud1 An. 
upward snil dovrawud motian govenied b; the Bune lawil Ei^ud Gg. 
6. What is tl:ediS<u«ncebetweeDtlieupn*rd»ndrrtunuiiEvdin^oft£a 
saowi bodyt 



FALIilNG BODIES. 3S 

Fail of Ugkt Bodies 

It h&fl been stated that the eartb'a attrscdan sets eqiiBlIy 
on kll bodies, containing eqml quantities of nutter, and Hat 
in Tscwt, all bodies, trhether large or smsU, descend from the 
BUDe heights in the same times. 

There ie,' however, a great diiTeTence in the qnantitiea of 
matter which bodies of the same bulk eontain, andeoiue- 
qnentljr a difference, in the resistance which they m^t with 
in jMBsinK through the air. 

Now, the fall of a body containing a large quand^ of matter 
in s smkll bulk, meets with Httle conqtarative resistance, while 
the mi of another, containing the same quantity of matter, 
but of larger sise, meefp with more in cornparison, for it is 
easv to see that bra uidies of the same size meet with ex- 
kctry the. same actual resistance. Thas, if we let fall a ball 
of letd, and another of cork, of two inches in diameter each, 
Uie 1^ will reach the gramd before the cork, because, though 
meeting with the same resistance, the lead has the greatest 
pO ^itr of overcoming iL 

'iou, liowerer, does not afleet the truth of the general law 
already established, that the weights of bodies are as the 
qoaatities of matter they eontain. It only shows that Uie 
{Hressnre of the atmosphere prevents bulky and porous sub- 
Blaaces &om fiilling with the same velocity with such as are 
eo^act or dense. 

Were the atmosphere removed, aH bodies, whether light or 
heavy, large or small, would descend with ihe same velocity. 
This &ct baa been aseertuned by experiment in the following 
manner: 

The air pamp is an instrument, by meanS of which the 
air can be pumped out of a close veisel, as will it seen under 
the article Pneumatics. Talun^ this for granted at present, 
the experiment is made in the following manner : 



Why wiO nott nckof fMben tnd nsbraeof the same aize M through 
IkeuiinthsumetijBe'} Don this afiect tbtrOth of the genendlant^ 
ttie weighls of ho^ea am m theii ounntities of mntlet 1 What would be 
the effect oa the blTof light ud neavy bodiei, were the Mmoipheie r«- 
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MOTION. 

On ^e plat« of the air pump A, place the 
tall jar B, which ia open at the bottom, and 
has a brass cover fitted closely to the top. 
Through the cover let a wire pass, air ti^t, 
haviog a small cross at the lower end. On 
each eide of this cross, place a little staee, 
and ao contrive them that by turning me 
wire by the handle C, these stages shall be 
upset. On one of the stages place a guinea 
or any other heavy body, and on the other 
phce a feather. When this is ananged, let 
the air be exhausted from the jarl)y the 
pump, and then turn the handle C, so that the 
guinea and feathet may fall from their 
places, and it will be found that they will 
both strike the plate at the same instant. 
Thus is it demonstrated, that were it not for 
the resistance of the atmosphere, a bag of, 
feathers and one of guineas would fall from 
a given height with the same velocity and in 
the same time. 



Motion. 

Motion may be defined, a continued change of place with 
regard to a fixed point 

Without motion there would be no rising or setting of the 
sun — no change of seasons — no fall of ram — no bnildin^ of 
houses, and finally no animal life. Nothing can be done with- 
out motion, and therefore without it, the whole universe would 
he at rest and dead. 

■ In the language of philosophy, the power which puts a body 
■ in motion, is called /orce. Thus it is the force of gravity that 
overcomes the merii'ffi of bodies, and draws them towards the 
earth. The force of water and steam gives motion to machi- 
nery, &c 

For the sake of convenience, and accuracy in the applica- 
tion of terms, motion is divided into two kinds, viz. ahsoltUe 
and relative. 

How ii it proved Ibat a feather and a gi 
iinccB in the luiie time, where there is no n . 
fin« motionl Wbja would be the coageqaence, were nil moliou tci ceeae 1 
What ii that ponei called which pntB a body ia motion 1 Hawwnxitkm 
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Abtiolate motion is a change of place with regard to a fixed 
point, and ia estimated without reference to the motion of Etny 
other body. When a mas rides along the street, or when a 
vessel sails through the water, they are both in absolute 
motion. 

Relative motion, is a change of place in a body, with respect 
to another body, also in motion, and is estimated from that 
other body, exactly as absolute motion is, from a fbced point. 

The absolute velocity of the earth in its orbit from west to 
Mat, ia 68,000 miles in an holir ; that of Mars, in the same di- 
rection, is 55,000 miles per hour. The earth's relative velocity 
in this case, is 13,000 mdes per hour from west to east That 
of Mars comparatively, is 13,000 miles from east to west, be- 
cause the earth leaves Mara that distance behind her, as she 
would leave a fixed point. 

Rest, in the common meaning of the term, is the opposite of 
motion, but it is obvious, that rest is often a relative term, since 
an object may be perfectly at rest with respect to some tilings, 
and in rapid motion in respect to others. Thus a man sitting 
on the deck of a steam-boat, may move at the rate of fifteen 
miles an hour, with respect to the land, and still he at rest 
with respect to the boat. And bo, if another man was running 
on the deck of the same boat at the rate of fifteen miles the 
hour in a contrary direction, he would be stationary in respect 
to affixed point, and still be running with all his might, ivith 
respect to the boat 

Velocity of Motion, 

Velocity is the rate of motion at which a body moves from 
one place to another. 

Velocity is independent of the weight or magnitude of the 
moving body. Thus a cannon ball and a musket baU, both 
flying at 'the rate of a thousand feet in a second, have the same 
velocities. 

Velocity is said to be uniform, when the moving body pass- 
es over equal spaces in equal times. If a steam-boet moves at 
the rate of 10 miles every hour, her velocity is uniform. The 
revolution of tiie earth from west to east is a perpetual exaii>- 
pfe of uniform motion. 

What b ihBolnte motiDnl What is relative motion 1 Wliat ia tbe 
mtb'B relaliie vetodty in respect to Man 1 In what reroect ia a man in ■ 
rteom-boot at leat, and in wlut respect doa* be morel 'wiutt la velodtj* 
Wlien ia lekidt; onifbrmi 
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Velodty is aeceleraied, when the rate of motion ia conatant- 
ly increaBed, and Ihe moTing body paaseB through uneqnal 
qwces in equal times. Thna, when a blling body moTee six- 
teen feet during- the first second, and forty-eight feet doriag 
the next second, and so on, its velocity is accelerated. A body 
fltlling from a height freely through itte air, is the most perfect 
example of this kind of velocity. 

Retarded velocity, ie when the rate of motion of the body ia 
constantly decreased, and it is made to move glower and slow- 
er, A ball thrown unwards into the air, has its velocity con- 
atantly retarded by iJie attraction of gravitation, and conse- 
quenuy, it moves slower every moment. 

force, or Momentum of Moving Bodies. 

The velocities of bodies are equal,(when they pass over 
equal spaces in the same timet but tike force witn which bo- 
dies, moving at the same rate; overcome impediments, is in 
proportion to the quantity of matter they contain. This pow- 
er, or force, is called the -momentum of the moving body. 

Thus, if two bodies of the same weight move with the same 
velocity, their momenta will be equsJ. 

/Two vessels, each of a hundred tons, sailing at the rate of 
six miles an hour, would overcome the same impediments, or 
be stopped by the same obstructions, j Their momenta would 
therefore be the same. 

The force, or momentum of a moving body, is in propoTtion 
to its quantity of matter, and its velocity. 

'A large body moving slowly, may have less momentum than 
a Email one moving rapidly. Thus, a bullet, shot out of a gun, 
moves with much greater force than a atone thrown by the 
hand/ The momentum of ■ body ia found by multiplying its 
quantity of matter by its velocity 

Thus, if the velocity be % and the weight 2, the momentum 
will be 4. If the velocity be 6 and the weight of the body 4, 
the momentum will be 34. 

If ajmoving body strikes an impediment, the force with 
which it striies, and the resistance of the imcediment, are 
equaL jThus, if a boy throw his ball against the side of the 

When is velodty accelerated 1 Give iUuatralJona of these two kimJa of 
■ ■' What is meojit bj retarded velocity 1 GiveaDeiampleof relard- 



od)clodty. What is meant by the nmmentum of a. body 1 When wiUtiM 
jnomonta of tno bodiea be equal 1 Give sn example. When has ^ mull 
bodyniKHe mamsntuiii thui a lMg« 0001 B; what rule k the nwmintum 
ofabody fimndt 
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hotve, vUh the force cf 3, the boiue resiBti it with an •qual 
force, and the ball rcb<>unds. ) If he throws it acainet a paoe 
of glass with the same force, the glass having otuy the power 
of 3 to resist, the ball will go thrmigh the glam, soil retaming 
one third of iu force. 

From observations made on the effects of bodies striking 
each other, it is found that action and re-action are equal ; or,- 
in other words, that force and resistance are equal. Thus, 
when a moTing body strikes one that is at rest, the body at reat 
returns the blow with equal force. 

This is illustrated by the well known iact, that if two pei- 
sons strike their heads together, one being in motion, anu the 
other at rest^they are boUi equally hurtA 

The philosophy of action and re-action is finely illustrated 
by a number of ivory balls, suspended by thread, as in Bg. 
Fig. la 10, so as to touch each other. If 

the ball a be drawn from the per- 
pendicular, and then let fall, ao 
as to strike the one next to it, the 
motion of the falling ball will he 
communicated through the whole 
series, from one to the other. 
None of the balls, except /, will 
however, appear to move. This 
will be understood, when we con- 
sider that the re-action of &, is 
jnsl equal to the action of a, and 
that each of the other balls, in like 
, manner, acts, and re-acts, on the 
other, until the motion of a arrives 
at /, which, having no impedi- 
ment, or nothing to act upon, is 
itself put in motion. It is, therefore, re-action, which eauses 
all the balls, except/, to remain at rest.j 
( It is by a modincBtion of the same principle, that rockets 
are impelled through the air. The stream of expanded air, or 
the fire which is emitted from the lower end of ttie rocket, not 
only propels against the rocket itself, but agwnst the atmo- 
spheric air, which, re-acting against the air so expanded, sends 
the rocket along. 

When n moving baly strikes an impcclimcnt, whiEh rei^ives the grealeM 
(hock? WhstiBthelaworactianandre-iictioDl Hon ia tiiis illustiaUd f 
When one of the ivorj balls strikes the other, why does tbe most distant 
i>n« only aamel On what principle are rodiets impelled through tite airl 
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■ It waa I 
tion and ri 

for his pleasure boat to be used whenever he wished to sail. 
He fixed an immense bellows in the stem of his boat, not 
doubting but the wind from it would cany him along. But 
on making the experiment, he found that Ms boat went back- 
wards, instead of forwards. ^ The reason is plain. The re- 
action of the Btmosphere on the stream of wind from the bel- 
lows, before it reached the siul, moved the boat in a contrary 
direction. /Had the suls received the whole force of the wind 
from the bellows, the boat would not hare moved at all, for 
then, action and re-action would have been exactly equalJ and 
it would have been Hke a man's attempting to raise himself 
over a fence by the straps of his boots. 
Reflected Motion. 

It has been stated that all bodies when once set in motion, 
would coDtiniie to move 'straight forward, unlil some impedi- 
ment, actingin a contrary direction, should bring them to rest ;i 
continued motion without impediment being a consequence of 
the inertia of matter. 

Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line in which they move. 
Thus, a ball sent out of a gun, or struck by a bat, turns neither 
to the right, nor leil, but makes a curve towards the earth, in 
consequence of another force, which is the attraction of gra- 
vitatiou, and by which, together with the resistance of the at- 
mo^here, itis finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. 

A single force, or impulse, sends the bodv directly forward, 
but anouier force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its fomier course. 

If, for instance, two moving bodies strike each other ob- 
liquely, they will both be thrown out of the line of their for- 
mer airection. This is called reflected motion, because, it 
observes the same laws as reflected light 

In the eiperiineDt with the boU and bellowo, why did the boot mam 
backwBjrds 1 Why would it not bave movEd at aJI, had the sail received all 
tbs wind fimm the beltonal Suppose B bud; is acted on, and set in motion by 
a single force, in what direction wi]] it movel What U tlia motion calle^ 
when a body is turned out of a straight line by anotiier ibrce 1 
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REFLECTED MOTION. 

The bounding of a ball ; the skippine ol 
■noooth smr&ce of a pond ; and the oblique directian of a 
apple, when it touches a limb in its fall, are examples of re- 
flected motion.,' 

Br experiments on this kind of motion, it is found, that 
moTuig bodies observe certain la^s, in respect to the direc- 
tion ^ey take in reboundioK from any impediment they hap- . 
pen to strike.' /Thus, a baU, striking on the floor, or wall of 
ft room, maked die same angle in leaving the point where it 
strikes, that it does in approaching it) 

Fig- "■ Suppose a, b, fig. 11, 

to be a marble slab, or 
^ floor, and c to be an 
ivory ball, which has 
been thrown towards the 
floor in the direction of 
— > the line c, e; it will re- 
bound in the direction 
of the line e, i^ thus making the two angles /and g exactly 

If the ball approached the floor under a larger or smaller 
angle, its rebound would observe the same rule. Thus, if it 
Pig- 12. fell in the line h k, fig. 

12, its rebound would be 
a the line k i, and if it 
\rti8 dropped perpendi- 
cnlariy from I to k, it 
would return in the 
same line lo /. The an- 
gle which the bail makes 
with the perpendicular 
I k, in its approach to 
the floor is called the 
angle of incidence, and that which it makes in departing from 
die floor in the same line, is caUed the angle of refieclion, and 
these angles are always equal to each other. 

What iHostrations can ;on rive of reflecud motioQ t What laws ar> ob- 
■ened in leOecUd motion 1 Suppuee n ball lo be thiDnn an the flour in 
a certain direction, what rule will il observe in rebounding 1 What is the 
angle called, which the b^ makea in appioaching the Soor % What a the 
an^ called, which it makes in leaiing the floor^ Wliat la tbe difference 
beHrsMitbeH angles? 
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COHPOOKD HOTIOH. 



Compound Mottoti, 

Compound motion is thctt motion, which ie produced \>j two 

or more forces, acting- in different <iirectionB, on the ume 

body, at the same time. This wUl be readily imderetood by k, 

diagnun. 



P^. 13. 



Suppose the ball a, fig. 13, 
to be moTinff with a certftbt 
velocity in Uie Kne b c, and 
suppcwe that at the instant 
when it came to the point a, 
it should be struck with an 
equal force in the direction 
01 d e, as it cannot obey 
the direction of both these 
forces, it will take a course 
between them, and fly off in 
the direction off. 
The reason of this is plain. 
F The iirst force would carry 
the ball from 6 to c ; the second would carry it from d to 
e, and these two forces being equal, gires it a direction 
just half way between die two, and th^^fore it is sent to- 

The line a f, is called the diagonal of the square, and re- 
sults from the cross forces, b and d being equal to each o^er. 
If one of tiie moving forces is greater than the other, then the 
diagonal Hne wilt be lengthened in the direction of die greater 
force, and instead of being the diagonal of a square, it will 
' e the diagonal of a parallelogram, or oblong square. 




S%. U. 




Suppose the force ii 
direction of a b, should 
drive the ball with twice the 
velocity of the cross force 
c d, fig. 14, then the ball 
would go twice as br ham 
the line cd,M from the liae 
b a, luid e f would be the 
diagonal of a paraUelogmm 
whose length is double its 
breadth. 



What is compounii motioiil Suppose a ball, mDniig with a. cttttaiii 
fi)iGe, to be stiucE crosswise, nith the same force, in what diredian niU it 
morel Suppose it la be stiock withhalfitstbrmei fblce, iu nhat direolioD 
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SmpoM ft boat in cnnsiug a riTtir, is rowed fonraid at the 
nie of Sou* imles an hour, uul the eurrrat of the river is at 
the same nte, then the two cross forces wil} be equal, and the 
line of the boat will be the dia^nal of a squu-e, as in fig. 13. 
But if the current be four miles an hour, and the progress of 
the boat forward ouly two miles an hour, then the boat will go 
tew stream twice as fast as she goes acroES the river, and 
her path will be the di^onal of a parallelogram, as in fig. 14, 
ind ther^re to make the boat pass directly across the ^Iream, 
itawtbe rowed towards some point higher up thO' stream 
than the luiding place ; a lact well known to boatmen.^ 
Circular Motion. 
Circular motion, is the motion of a body in a ring, or circle, 
and VI produced by the action of two forces. By one of these 
forces, tkft moving body tends to flv off in a straight line, 
wUle by the other it is drawn towards the centre, and thus it 
it made to revolve, or move round in a circle. 

l^e force by which a body tends to go oJfina straight Une 
is called the centrifugal force ; that which keeps it from fly- 
ing away, and draws it towards the centre, is called the ccn- 
tnpetal force. 

Bodies moving in circles are constantly acted upon by these 
two forces. If the centriAigal force should cease, the moving 
body wotild no longer perform a circle, but would tibectly ap- 
[m>aeh the centre of its own motion. If the centripetal force 
should cease, the body would instantly begin to move off in a 
itraight Kne, this being, as we have explained, the direction 
which all bodies lake when acted on by a single force. 

Fig. 16. This will be obvious by fig. 

15. Suppose a to be a cannon 

ball, tied with a string to die 

centre of a slab of smooth mar- 

, and suppose an attempt 

. be made to push this ball with 

l^the hand in the direction of b ; 

is obvious that the string 

would prevrait its going to that 

point ; out would keep it in the 

circle. In this case, the string 

is die centripetal force. 

WhatbUwIineA P, %. t^ ckUcdl Yftat u ibo Ihie E F, Ga. li, 
calledl Bow an then &aia Uliutraied') What a drcolur nxraanT 
How « thU nutkiD produced 1 What is the cenlnfagol fbicel 
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CiaCULAB MOTION. 



Now suppose the ball to be kept revolfine with nudity, 
its velocity and weight will occaaion its centriSigal force ; and 
if the striDg were cvi, wh^ the ball was at the pinnt c. 
for instance, this force would cany it off in the line to 

wards 6. 

The greater the velocity with which a body moves roond 
in a circle, the greater will be the force with which it will fly 
off in aright line. 

Thus, when one wishea to aline a stone to the greatest dis- 
tance, he makes it whirl round with the greatest possible ra- 
pidity, before he lets it go. Before the invention of other 
warlike instruments, soldiers threw atones in thia t^anner with 
great force, and dreadful effects. 

The line about which a body revolves, is called its axis of 
motion. The point round which it turns, or on whi^ ibkeats. 



which the 

spinning top. 



ig li 
^ , line through the centre of the handle to the 
point on which it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at the great- 
est distance from the axis of motion, has the greatest veloci^, 
and consequently, the greatest centnfugal force. 

Fig. 16. Suppose the wheel, fig. 16, to 

revolve a certun number of (times 
in a minute, the velocity of the 
end of the arm, at the point a, 
would he as much greater than its 
middle at the point b, as its dis- 
tance is greater from the axis of 
motion, because it moves in a lar- 
ger circle, and consequently the 
centrifugal force of the nm c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

Large wheels, which are designed to turn with great velo- 
dty, must, therefore, be made with correaponding strength, 

f/^faat IB die ceiitripetal tbrce 1 Supposa the ceatrifugal force should 
cease, in what direcUon would the body more 1 Supprm the centripetal 
force Bliourd cease, wbero would the body ^ol Ezpbia flg^. 16. What 
constituteslhecentrifutial force of abodj moving roond in a circle 1 Hdw 
is this illustrated'} What is the axia of motion 1 What u the centre of 
motion T GiveiUuBtralJons. Whatpaitof arevolnng wlleelhuthegn•l■ 
e»t centrifugal twee 1 Why 1 
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odi^wisB the centriiuga] force will overcome the cohesire at- 
tractioD, or the stren^ of the fiisteainge, in which case the 
wheel will fly in pieces. This eometinies happens to the large 
grlndBtonea used in gun-factories, and the stone either flies 
away piece-raeal, or breaks in the middle, to the great danger 
of the workmen. 

.Were the diurnal velocity of the earth about ierenleeu 
times greater than it ie, those parts al the greatest disttuice 
from its axis, would beiin to fly ofi* in straight lines, as the 
water does from a grindstone, when it is turned rapidly. 
Centre of Gravity. 
The centre of gravity, in any body or system of bodies, is 
that point upon which the body, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

The ctntre of gravity, in a wheel made entirely of wood, 
snd of equal thickBeas, would be exactly in the middle, or in 
its ordinary centre of motion. But if one side of the wheel 
were made of iron, and the oflier part of wood, its centre of 
gravity would be changed to some point, aside from the centre 
of the wheeL 

^' IT - Thus, the centre of gravity in the 

wooden wheel, fig. 17, would be at 

the axis on which it turns ; but were 

the arm a, of iron, its centre of mo- 

\ lion and of gravity would no longer 

J be the same, but while the centre of 

J motion remained as before, the cen- . 

e ofgravity would fall to the point 

Thus the centre of motion am) 

of gravity, though often at the same 

point, are not always so. 

When the body is shaped irregularly, or there are two or 

more bodies connected, the centre of gravity is the point on 

which they will baknce without falling. 

Fig. 18. If the two bells a and b, fig. 18, 

<S /»$ Weigh each four pounds, the centre of 

C> " ^^ gravity will be a point on the bar equal- 

^"^ , Jy distant from each. 

Why moat large wheels, turning with peai, irelocitj, be strongly iQade 1 
Wbat would be the consequence, were tSe velocity oT the eartb 17 times 
greater than it u 1 Where ia the centre of gravily in s body 1 Where is 

flieoentrE of gravity in a -'- -' -■- -■■ '" " ~- -'- ■ '- -*■ 

wood, und the other of ire 
and of gravity always the 



D,mi,.=db,Gooylc 




« CSPTTBE OF QEAVITT. 

Fif .. 19. But if one of the balls be heavier than 

^ ^""N **** •"^^''i *h*n *e centre of gravity will, 

/^ f \ in proportion, approach the larger ball. 

W Irt JThu» in fig. 19, if c weighs two pounds 

^■- — -^ and d eight pounds, the centre of gr&v- 
ity will be four times the tliHtance from 
c that it ia from iJ. 

In a body of equal thickness, as a board, or a slab of mar- 
ble, but otherwise of an irregular shute, the centre of grarity 
may be found by suapending it, first from One point, and then ■ 
fromanother, and marking by means of a plumb line the per- 
pendicular ranges from the point of suspension. The centre of 
gravity will be tke point where these two lines croBa each other. 
Thus, if the irregubr shaped piece of board, fig. 20, be 



Fig. 90. 



Fig. 31. 



Fig. 99. 




Busaended by 
making a hcAe 
through it at 



\ N. ihepomt Oiaod 



at the 
\ point suspend' 
log the plumb 
line c, both 
board and line 
will bans in 

the position represented in the figure. HaTinr marked Ihia 
line acroea the board, let it be suspended again in the positicHi 
of fig. 21, and the perpendicular line again marked. The 
point where these linea cross each other, is the centre of gravi- 
ty, as seen by fig. 2S. 

ft ia often of great consequence, in the concerns of life, 
that the aubject of gravity should be well considered, since 
the strength of buildings, and of ma^inery, often depends 
chiefly on the gravitating point. 

Common experience teaches, ibat a tall o'jject, with a nar- 
row base, or foundation, is easily overturned ; but common 
experience doea not teach the reason, for it la only by under- 
standing principle^ that practice improvea esperimenL 

Ad upright object will fall to the ground when it leans so 
much that a perpendicular line from its centre of Mavity falls 
beyond its base. A tall chimney, therefore, wiUi a narrow 

Ayhen two bodies are connected, as by a bar between tbem, where is tbe 
jfW'ra of gravity ^ In a board of inegular shape, b; wliat method is the c«n 
tre of gravity timnd 1 
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fimndation, mch u are commoaly bnijt at the present dftj, 
will &11 with a verj sHgfat ioclinatioa. 

Not in foiling, the centre of ^Titr puses through the pari 
of a circle, the centre of which is at the extremity of the base 
on which the body stands. Thia will be comprehended by 

Fi«' 93. Suppose the figure to be a block of 

maible, vhich is to be turned overt by 
lifting at the corner a, the comer ij would 
' be the centre of its motion, or the point 
on which it would turn. The centre of 
graTity, c, would, therefore, deaeribe the 
part of a circle, of which the corner, d, is 
the centre. 

It will be obvious, after a little consideration, that the 
ereatest difficulty we should find in turning over a square 
block of marble, would be, in first raising up the centre of 
gravity, for the resistance will constently Income less, in pro- 
portion as the point approaches a peipendicular line over the 
corner d, which, having passed, it will &11 by ita own giavily. 
The difficulty of turning over a body of a particular fornit 
will be more strikingly illustrated by the figure of a triangle, 
or low pyramid. 

^.34. £,1 (ig_ 24^ the centre of gravity is so 

and the baae co broad, tmt in taming 
er, a great proportion of its whole 
weight must be nused. Hence we see the 
firmness of the pyramid in theory, und ex- 
perience proves its truth ; for buildings are 
found to withstand the cfibcts of time, and 
^e commotions of earthquakes, in proportion as they approach 
this figure. 

ITie most ancient monuments of the art of building, now 
itanding, the pyramids of Egypt, are of thia form. 

When a ball is rolled on a horizontal plane, the centre of 
gravity ia not raised, but moves in a straight line parallel to 

In what direction moat the ceotrG of gravity be ftom the outside or Ate 
base, bofbte the object will fell 1 In falling, tbe centre of gravity paaeeB 
through part of a circle ; where is the centre of thia circle 1 Id turning over 
aiwdj, why doe* tbe Ibice required constantly become leaa and len 1 Why 
ia there lew force required to overturn a cube, or square, than a pyrainid o( 
the ■■nie weight t Wlien » boll is rolled on a horizontal plane, id nhaC d>- 
iBction does tbe centre of gravity move 7 
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the aurlace of the plane on which it rolls, and is consequently 
alwuya directly over its centre of motion. 

* Suppose, fig. 36, a is the plane on 

which the ball moves, 6 the Kne on 
which the centre of gravity moves, 
_^ and c a plumb line, showing that the 
centre of ^vity must always be ex- 
actly over the centre of motion, when 
the ball moves on a horizontal plane 
-i-then we shall see the reason why a 
ball moving on such a plane, will reat 
with equal firmness in any position, and why so little force is 
required to set it in motion. For in no other figure does the 
centre of gravity describe a horizontal line over that of mo- 
tion, in whatever direction the body is moved. 

^' ' .If the plane is inclined downwards, 

the ball is instantly thrown into motion 
because the centre of gravity then fells 
forward of that of motion, or the point 
on which the ball rests. 

This is explained by fig. 26, where 
a is the point on whicn the ball rests, 
or the centre of motion, c the perpen- 
dicular line from the centre of gravity 
as shown by the plumb weight c. 

If the plane is inclined upward, force 
is required to move the ball in that di- 
rection, because the centre of gravity then falls behind that 
of motion, and therefore the centre of gravity has to be con- 
stantly lifted. This is also shown by fig. 26, only consider- 
ing the ball to be moving up the inclined plane, instead of 
down it. 

From these principles, it will be readily understood, why 
so much force is required to roll a heavy body, as a hogshead 
of sugar, for instance, up an inclined plane. The centre of 
gravity falling behind that of motion, the weight is constantly 
acting against the force employed to raise the body. 




Explain fig. 05. "Why doea a ball on a, horizontal plane rest eunallir wdl 
in all poailioiu 1 Why does it move vith little fi>Tce1 If tbej^m u it>- 
dined downwards, nhv does the ball roll in thatdindioiil Wh;iifbR« 
reqniredto moTS a ball up an inclined planet 
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CENTRE OP QRAVITT. 49 

Kg^- Prom what has been stated, it \rill be nnder- 

1^^^^ stood, that the danger that a body will fell, b in 
/ / proportion to the nairownees of its baae, com- 

/ */ P»red with the height of the centre of gravity 
/ / above the baae. 

Thus a tall body, shaped like 6g. iST, will 
[all, if it leans but very slightly, for the centre 
of gravity being &r above the baae, at a, is 
brought over the centre of motion, 6, with lit- 
tle inclination, as shown by the plumb line. 
Whereas a body shaped like iig. 28, will not 
fell, until it leans much more, aa again shown 
by the direction of the plumb line. 

We may learn trom these comparisons, that 
it is more dangerous to ride in a high carriage 
^ than in a low one, in proportion to the elevation 
of the vehicle, and the nearness of the wheeb 
to each other, or in proportion to the narrow- 
s of the base, and the height of the centre of 
" gravity. A load of hay upsets where the road 
raises one wheel but little higher than the other, 
because it is high, and broader on the top than 
the distance of the wheels from each other; while a load of 
stone is very rarely turned over, because the centre of gravity 
is near the earth, and its weight between the wheels, instead 
of being far above them. 

In man the centre of gravity is between the hips, and hence, 
'were his feet tied together, and his arms tied to his sides, a 
very slight inclination of his body would carry the perpendi- 
enlar of his centre of gravity beyond the base, and ne would 
&II. But when his limbs are free to move, he widens his 
base, and changes the centre of gravity at pleasure, by throw- 
ing out his arms, as circumstances require. 

When a man runs, he inclines forward, so that the centre 
■ of gravity may hang before his base, and in this poaitwn, he is 
obUged to keep his feet conatantly advancing, otherwise he 
woidd &11 forward. 




Whit i* (ho danger tbst a bodj will fall proportioned to 1 WhTiaabo- 
Ht, sh^sd tUce flg, 37, moie cosily tlirowD donn, than one dialed like ig. 
S87 Hence, in nding in a cBiriage, how ii the danger of upaolting prDp«- 
lionedl Where isthecentraof aman'i graiityl Wh; nrilf a man all with 
a digbt JimKiMtinn, when hk feet uid artni are tied 1 
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A man standing on one foot, cannot throw hia body forward 
without at the same time throwing his other foot backwud, ia 
order to keep hia centre of gravity within the base. 

A man, therefore, standing with his heeb against a perpen- 
dicular wall, cannot stoop forward without falling, because the 
wall prerents his throwing any part of hia body backward. 
A person, little versed in such things, agreed to pay a certain 
' ' '-yoipo 



sum of money for an opportunity of possessing himself of doL 
hie the sum, by taking it from the iioor with nig heels against 
the wall. The man, of courae, loat hia money, for in sach a 
posture, one can hardly reach lower than hia own knee. 

The base, on whicn a man is supported, in walkiiig or 
standing, is his feet, and the apace between them. By turning 
the toes oul, this baae is made broader, without taking much 
from italength, and hence peraona who tunt their loesoutward^ 
not only walk more firmly, but more gracefully, than those 
who turn them inward, 

In consequence of the upright position of man, he is con- 
■tantly obliged to employ some exertion to keep his balance. 
This seems to be the reason why children learn to walk with 
go much difficultv, for after they have strength to stand, it re- 
quires considerable experience, ao to balance the body, aa to 
Bet one foot before the oth^ without falling. 

By experience in the art of balancing, or of keeping the 
centre of gravity in a line over the base, men sometimes per- 
form things, that, at first sight, appear altogether beyond hn- 
tnan power, such as dining with the table ana chair standing on . 
a single rope, dancing on a wire, &c 

No form under wliich matter exists, escapes the general 
law of gravity, and hence vegetables, aa well aa animals are 
formed with reference to the position of this centre, in reaped 
to the base. 

It is interesting, in reference to this circumstance, to ob- 
eerve how exactty the tall treea of the forest conform to this 

The pine, which grows a hundred feet high, shoots up with 
as much exactness, with respect to keeping its centre of gra- 
vity within the baae, aa though it had been directed by the ' 



docanot a child walk u ■mo an he can standi In what doea the axtafb». 
lancJDg, or walking on a rope, comdat 1 What a olserred in the growth of 
Ibe treeBofthcfnna^inieiipectlo tbelnWBofgraiitjl 
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CENTRE OF INERTIA. 61 

plumb line of a master builder. Its limbs towuds the lop are 
sent off in conformity to the same law ; each one growing in 
Tespect to the other, so as to preserve a due balance oe- 
tween the whole. 

It may be observed, also, that where many treea grow near 
each other, as in thick forests, and consequently where the 
wind can have but hctle effect on each, that they always grow 
taller than when standing atone on the plain. The roots of 
snch trees are also smaller, and do not stiilic so deep as those 
of trees standing alone. A tall pine, in the midst of the for- 
est, would be thrown to the ground by the first blast of wind, 
were all those around it cut away. 

Thus, the treea of the forest, not only grow bo as to pre- 
serve their centres of gravity ; but actually conform, in a cer- 
tain sense, to iheir situation. v/ 
Centre of Inertia. 

It will be remembered that inertia is one of the inherent, m 
essential properties of matter, and that it is in cwisequence of 
this property, when bodies are at rest, that they neser move 
without the application of force, and when once in motion, that 
diey never cease movinjf without some external cause. 

Now inertia, though, like gravity, it resides equally in every 
particle of matter, must have, like gravity, a centre in each 
particular body, and this centre is the same with that of gra- 
vity. 

In a bar of iron, six feel long, and two inches square, Uie 
centre of gravity is just tliree feet from each end, or exactly in 
the middle. If^ therefore, the bar is supported at this point, 
it will balance equally, and because there are equal weights 
on both ends, it will not fall. This, therefore, is the centre of 
gravity. 

How au]}poae the bar should be rinsed by raising up the cen- 
tre of gravity, then the inertia of all its parts would be over- 
come equally with that of the middle. The centre of gravity 
is, tlierefore, the centre of inertia. 

The centre of inertia, being that point, which, being lifted, 
the whole body is raised, is not, therefore, always at die cen- 
tre of the body. 

What effect doPainerdaliaTe on Imdiea at rest ■? What eflfect dots it hava 
on bodies in motion % U the centre of inertia, and Ih-U ot gravity, the suae t 
Where k the centre ofioeriiaiD ibody, or a Kystem oflxdieel 
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^' Thus, suppose the some bar of iron, 

O whose inertia waa overcome by nuung 
the centre, to have balls of different 
weights attached to its ends ; then the 
centre of inertia would no longer re- 
mtiin in the middle of the bar, but would be changed to the 
point 0, fig. 39, so that to lifl the whole, this point must be 
raised, instead of the middle, as before. 
Equilibri'um. 
When two forces counteract, or balance each o&er, they 
are said to be in equilibrium. 

It is not necessary for this purpose, that the weights oppos- 
ed to each other should be equally heavy, for we have just seen 
that a small weight placed at a distance from the centre of 
inertia, will balance a large one placed near it. To produce 
equilibrium, it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should be equal. 

A pair of scales are in equilibrium, when the beam is in a 
horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the centre of inertia, or gravity. 

Slg- 30. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in fig. 30, the point of support 
is always in a perpendicular line 
above the centre of inertia. The 
plumb line d, cuts the bar connect- 
t ing the two balls at this point 
' Were the two weights in this figure 
equal, it*is evident that t^e hook, or 
point of support, must be m the mid- 
dle of the string, to preserve the horizontal position. 

"When a man elands on his right foot, he keeps himself in 
equilibrium, by leaning to the right, so as to bring his centre 
of gravity in a perpendicular line over the foot on which he 
stands. 

Whj is the point of inertia cliangeil, by firing; different wrf^ta to tha 
enda of the iron bar 7 What is meant bj equilibnum 1 To proiuee Eqm 
lihiium, mnstthe weights be equals When is n pairof scolesineqailibrimn 
When a body is aiispended by a etring, where must the tayfOtt, be nith n 
■peel to the point of inertia 1 




CITRVILINEAB MOTION. BS 

CurviliTtear, or bent Motion. 

We hftTe seen that a single force acting on a body, drifM it 
straight forward, and that two forces acting croaawiae, drive it 
midway between t!ie two, or give it a diagonal direction. 

Curvilinear motion differs from both these, the direction of 
the body being neither atraight forward, nor diagonal, but 
through a line which is curved. 

This kind of motion may be in any direction, but when it 
is produced in part by gravity, its direction ia always towards 
the earth. 

A atream of water from an aperture in the side of a vcasel, 
as it &11b towarda the ground, ia an example of a curved hue, 
and a body passing through auch a line, is said to have curnili- 
near motion. Any body projected forward, as a cannon ball 
or rocket, falls to the earth in a curved line. 
_ It is the action of gravity across the coarse of the stream, 
or the path of the ball, that bends it downwards, and makes it 
form a curve. Thio motion is therefore the result of two for- 
ces, that of projection, and that of gravity. 

The shane of the curve, will depend on the velocity of the 
atream or ball. When the pressure of the water is great, the 
stream, near the vessel, is nearly horizontal, because its velo- 
dty is in proportion to the pressure. When a ball first leaves 
the cannon, it describes but a slight curve, because its projec- 
tile velocity is then greatest. 



Fig. 31. 



The curves prescribed by jets of 
water, under different degrees of pres- 
sure, are readily illustraled by lapping 
a tall veasel in several places, one 
above the other. 

Suppose fig. 31 to be such a vessel, 
filled with water and pierced as repre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
ia greatest, as from the lower orifice, 
the atream reaches the ground at the 
greatest distance from the vessel, this 
distance decreasing, as the pressure 

Wbat ia meant by curvilinear motion t What aTe ezampleB of thia kind 
of motkml WW tno forces prodniu this oiotionl On what does Ute 
diape oEthfi cnrre depend 1 Howue ttw Gurresdeacribedb; jMaof wUei 
niBSlntadl 
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54 CUBTIUNBAR HDTION. 

becomes less towards the top of the vessel. The action of 
^Fity being always the same, the shape of the cure de- 
scribed, as just stated, must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same lime. 

This, at firht thought, would seem improbable, for without 
consideration, most persons would assert, very positively, that 
if two cannon were tired from the same spot, at the same in- 
stant, and in the same direction, one of the balls falhng halt 
a mile, and the other a mile distant, that the ball which went 
to the greatest distance, would take the most time in perform- 
ing its ^[oumey. 

But it must be remembered that the projectile force does 
not in the least interfere with the force of gravity. A ball 
flying horizontally at the rate of a thousand feet per second, 
is attracted downwards with precisely the same force as one, 
flying only a hundred feet per second, and must therefore de- 
scend the same distance in the same time. 

The distance to which a ball will go, depends on the force 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance will be 
short — if more rapidly, the space passed over will be greater. 
It makes no diflerence, then, in respect to the descent of the 
1»11, whether its projectile motion be fast, or slow, or whether 
it moves forward at all. 

This is demonstrated by experiment Suppose a cannon to 
be loaded with a ball, and placed on the top of a tower, at such 
a height from the ground, that it would take just three seconds 
fot a cannon ball to descend irom it to the ground, if let fall 
perpendicubrly. Now suppose the cannon to be fired in an 
exact horizontal direction, and at the same instant, the ball to 
be dropped towards the ground. They will both reach the 
grouad at the same instant, provided its surface be a horizon- 
tal plane from the foot of the tower to the place where the 
projected ball strikes. 

WhU differenc* ia tliere in respect (o the time tsien by a body to reach 
the ^und, whether the cune be ^reat or small 1 Why do bodicB (biming 
difTcrent cimes 6001 the same height, reach Ibe gnxmd at the same timel 
Suppose two balls, one flying at the rate of a thousand, and the other at tba 
rate of a hurutred feet per aeconil, which would deaceml moet during the se- 
cond 1 Does it make any diflerence in respect to the descent of the hall, 
vArtherithasaprqectilemolion ornotl Suppose, then, one ball be fired 
firam a canmHi, and anotliei 1^ tall from tiie same hoeht it the wne inatant, 
woold thay both leadi the nicund at tbs Btme tiiae T 
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This will be made plain by fig. 32, where a is the perpen- 
dicular line of the descending ball, c b the cmrilinear path oi 
that projected from the cannon, and d, the horizonm line 
from the foot of the tower. 
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The reason why the two balls wOl reach the ground at the 
same time, is easily comprehended. 

During the first second, euppose that the ball which is 
dropped, reaches 1 ; during the next second it falls to 2, and 
at the end of the third second it strikes the ground. Mean- 
time, the ball shot from the cannon is projected forward with 
such velocity as to reach 4 in the same time that the other 
is foiling to 1. But the projected ball falls downward exactly 
as fast as the other, for it meets the line 1, 4, which is parallel 
to the horizon at the same itiatant. During the next second, 
the projected ball reaches B, while the omer arrives at 3 ; 
and nere again they have both descended throug-h the same 
downward space, as is seen by the line 2, 6, which is parallel 
with the other. During the third second, the ball from the 
cannon will have nearly spent its projectile force, and there- 
fore, iU moHoQ downward will be greater, while its motion 
forward will be less than before. The reason of thb will 
hie obvious, when it is considered, that4n respect to gravity, 
both balls follow exactly the seme law, and &lt through equal 
spaces in equal Umes. Therefore as die felling ball descends 
through the greatest space during the last second, so that 
from ue cannon, having now a less projectile motion, its down- 
ward motion is more du'cct, and, like aflfallingbodies, its velo- 
(dty is increased as it approaches the earth. 



Explain fig. 32, iihowmc tite 

ground M the same time. Why i _^^ 

zt^My io the ladpalt ofthecuire, thm inthe first puti 



kill« will rimb (be 
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From Iheae principles it may be infeired, that tbe hori- 
zontal moUon of a bod^ through the air, does not in the least 
interfere with its gravilaling motion towards the earthf and 
therefore that a rifte ball, or any other body projected forw^d 
horizontally, will reach the ground in exactly the same period of 
time, as one that is let fell perpendicularly from the same height 

The two tbrces acting on bodies which fall through curved 
lines, are the same as the centrifugal and centripetal forces, al- 
ready explained ; the centrifugal, in case of the ball, being caused 
by the powder — the centripetal, being Ihe action of gravity. 

Now, it is obvions, that the space through which a cannon 
ball, or any other body, can be thrown, depends on the velocity 
with which it is projected, for the attraction of gravitation 
and the resistance of the air acting perpetually, the time which 
a projectile can be kept in motion, through the air, is only a 
few moments. 

If) however, the >projectile be thrown from an elevated cita- 
tion, it is plain that it would strike at a greater distance than 
if diTown on a level, because it would remain longer in the 
air. Every one knows that he can throw a stone to a greater 
distance, when standing on a steep hill, than when standing 
on the plala below. 

Bonaparte, it is said, by elevating the ran^e of his shot, 
bombarded Cadiz- from the distance of five miles. Perhaps, 
dten, from a high momitsin, a cannon hall might be thrown to 
the distance of six or seven miles. 



rig. 33. 



Suppose the cbcle, fig. 
33, to be the earth, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmoBphere, or 
is fifty miles hiA, then a 
cannon ball might perhaps 
reach from o to i, a dis- 
tance of eighty or a hun- 
dred miles, because the 
resistance of the atmo- 
sphere bein^ out of the 
ralculation, it woidd have 
nothing to contend with, 
except the attraction of 



WhU ia the (Dice called which throws a ball fbrwaidl 
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BEBULTANT MOTION. 57 

^ritation. l{, then, one degree of force, or Telocity, would 
■end vt to b, another Tould send it to c : aiui if the force vnts 
incTeased three timet, it would fall at d, and if four times, it 
woold pasa to e. If now we suppose the force to be about ten 
times greater than that with wmch a cannon baU ia projected, 
it womd not fall to the earth at any of these points, but would 
continue its motion, ontil it again came to the point a, the 
place firom which it was first projected. It would now be iu 
eqiiilibrii)m. the centrifngal force being just equal to that of 
graritf, and therefore it would perform another, and another 
revolution, and so continue to revolve around the earth per- 
petually. 

The reason why the force of gravity will not ultimately 
bring it to the earth, is, that during the first revolution, the 
effect of thia force is just equal to that eserted in any other 
rerolatioD, but neither more nor less ; and, therefore, if the 
centrifugal force was sufficient to overcome this attractmn du- 
rine one revolution, it would also overcome it during the next 
It IS supposed, also, that nothing tends to affect the projectile 
force except that of gravity, and the force of this attraction 
would bcno greater during any other revolution, than during 

IhefLTSt. 

In other words, the centrifugal and centripetal forces are 
supptosed to be exactly equal, and to mutually balance each . 
other ; in which case, the hall would be, as it were, suspended 
between them. As long, therefore, as these two forces con- 
tinued to act witii the same power, the ball would no more 
deviate from its path, than a pair of scales would lose their 
balance without more weight on one side than on the other. 

It is these two forces miich retain the heavenly bodies in 
their orbits, and in the case we have suj:poscd, our cannon 
ball would become a little satelKte, moving perpetually m'ind 
the earth. 

Resultant Motion. 

Suppose two men to be sailing in two boats, each at the 

What b that calkd. which biingB it to the ground 1 On what dixs iht 
■^wt-t" to which n {sojected body may be. thTonn dnpend 1 Why dys thi 
dktance d^KOd upon theveloci^l Eipliiajl^. 33, Suppose the i elr'ifit^ 
of a cannan boll Fihot ftom amonntunSO mileB high^ 1>e (m times iIe' ;: .v:^ 
rale, where would it alopl Whsn would ttiab^JijPi eqt'jlibnnni ? "Why 
would not the tatee of crs'vi^ nMzaalely brinj^ the L.lU tu (he eait',: '- AAei 
the first revolution, if me two fbrooB conlinuud the same, would u\% i hi loo- 
tioD of tbo bftU lie peipetiul 1 
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rate of four niilea an hour, at a short diatance apposite t 
other, and suppose as they are sailing along in this maimeT 
one of the men throws the other an apple. In respect to tht 
boats,- the apple woiild pass directly across, tmin one to the 
other, that is, its line of direcdon would be p^irpendicular to 
the sides of the boats. But its actual line through the air, 
would be oblique, or diagonal, in respect to the sides of the 
boats, because in passing trom boat to boat, it is impelled by « 
two forces, viz. the force of the motion of the boat forward, 
and the force by which it is thrown by the hand across this 

This diagonal motion of the apple is called the Tesultant, 

or the residtin^ motion, because it is the effect, or result, of 

two motions, resoh'ed into one. Perhaps this will be more 

f^- 34. clear by fig. 34, where a b, and c 

d, are supposed to be the sides 

— * of the two boats, and the line ef, 

tiiat of the apple. Now the apple, 

when thrown, has a motion with 

the boat at the rate of four miles 

^ an hour, from c towards d, and this 

' motion is mpposcd to continue just 
as though it had remained in the boat. Had it remained in the 
boat during the time it was passing from e to/, it would have 
passed from e to A. But w? suppose it to have been thrown 
at the rate of eight miles an hour in the direction towards g, 
and. if the bonis are moving south, and the apple thrown to- 
wards iJie east, it would pass, in the same time, twice as fiii 
towards the east as it dia towards the south. Therefore, in 
respect to the boats, the apple would pass in a perpendicular 
Une from the side of one to that of the other, be<;ause they 
are both in motion, but in respect to one perpendicular line 
drawn from the point where the apple was thrown, and a 
parallel line w4th this, drawn from the point where it strikes 
the other boat, the line of the apple would be oblique. This 
will be clear, when we consider that when the apple is tluTjwn, 
the boats are at the points e and g, and that wheii it strikes, 
thev are at h and /, these two points being opposite to eadi 
oth'fcr. 

Suppose two boi^^yiaiLlng at the same nUe and m tliD game dlrectiou, 1. 
an apple be tosaol frX one to tbe other, vrhat will be Its directinn in leapect 
tothcboatal What "o-jHbeilfl line llirough the tdr, in reiipeotti) the boatol 
What is- this kind irf" lootioii called? Why i« it caSetl leaultant motiou 1 
Explain fig.M- 
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The Une e,f, through which the apple is thrown, ia c«Ued 
tbe dijagonal of a panllelogram, as already explained undor 
compound motion. 

On tlie above principle, if two ahips, during a battle, are 
euling before Cie wind at equal rates, the aim of the giinaers 
- will be exactly the same as though they stood still ; whereas 
if the gunner fires from a ship standing still, at another under 
sail, he takes his aim forward of the mark he intends to hit, 
9 because the ship would pass a little forwaril while the ball is 
going to her. And so, on iha contrary, if a ship in motion 
fires at another standing still, the aim must be behind the 
mark, because, as the motion of the ball partakes of that of 
the ship, it will strike forward of the point aimed at. 

For the same reason, if a ball be dropped from the topmast 
of a ship under sail, it partakes of the motion of the ship for- 
ward, and will &I1 in a line with die mast, and strike the same 
point on the deck, as though the ship stood still. , 

If a man upon the full run drops a bullet before him from 
the height of bis head, he cannot run so last as to overtake it 
before it reaches the ground. 

It is on this principle, that if a cannon ball be shot up rer- 
tically from the earth, it will fall back to the same point; for 
although the earth moves forward while the hall is m the air, 
yet as It carries this motion with it, so the ball mores forward 
also, in an equal degree, and therefore comes down at the 
same place. 

lenorance of these laws induced the story-making sailor to 
tell nis comrades, that he once sailed in a ship whii^ went so 
iast, that when a man fell from the mast-head, the ship sailed 
away and left the poor fellow to strike into the water behind 
her. 

Penduluifu 

A pendulum is a heavy body, such as a piece of brass, or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwards. 

Why would the line of Iha ^iple be Eictaally perpendicular in respect to 
the boats, but obKque in reaped to pantlH Unea drawn from where it naa 
Ihnwn, and where it atmck 1 How is thia Airther illuetraled 1 Whtn tbe 
■hipB are in equal motion, where doea the gunner take hit aim 1 Why doea 
he aim forwan! ofthe mark, whrn the other ahip ia ia/ttioiioa 1 If a sbip in 
motion firea at one stajidtiu' still, wlieTe must be-the aiml Wtgr, in Ihk 
eaae, mcit tbe aim he behind llie maA 1 What other illuitrationi are grma 
of reultant motion I.AVhal in a peoduhmil 
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When a pendulum awin^, it ia said to vibrate ; and that 
part of a circle through which it vibrates, is called its arc. 

The times of tiie vibration qi a pendulum are very nemrly 
equal, whedier it pass through a greater or leBs part of its arc - 




their ribrationa would be equal i 
passing through its arc from c to 
same time that the other passes from diof, and baclt again. 

The reason of this appears to be, *hat when the pendulum 
is raised high, the action of gravity draws it more directly 
downwards, and it therefore acquires, in falling, a greater 
comparative velocity than is proportioned to the tnfling differ- 
ence of height. 

In the common clock, the pendulum is connected with 
wheel nork, to regulate the motions of the hands, and wii 
weights by which the whole ia moved. The vibrations of the 
pendulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and the wheel moves forward 
one tooth in a second. Thus the second hand revolves once 
in every sixty beats of (he pendulum, and as these beats are 
seconds, it goes round once in a minute. Bv the pendulum, 
the whole machine is regulated, for the clock goes fester, or 
slower, according to its number of vibrations in a given time. 
The number of vibrations which ?, pendulum makes in a given 
time, depends upon its length, because a long pendulum does 
not perform its journey to and from the corresponding points 
of its arc so soon as a short one. 

Wlial ia meant l«t-the vibration of & pendulum I What 1b that put of k 
ciiclc callfjfl, thnOgh which it snings % Why does a, pendiJum vibnie in 
eiq\ial lilac, whetliei it goes through El small or large put of its arel Do- 
ecribe the connnon clock. How ouiny vibrations has the pendulum in a 
minute % On 'what depends the number of vibratkAa whkh a p 
makes in a given tune 1 
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As the motion of the clock Is regulated entirely by ibe 
pendulum, and as the- number of Tibrations are as its leneth, 
the least Tariation in this respect will alter its rate of eomg. 
To beat seconds, its length must be about 39 imehea. In the 
common clock, the length is regulated by a screw, which 
raises and lowers the weight But as the rod to which the 
weight is attached, is subject to variations of length in conse- 
quence, of the change of the seasons, being contracted b^ cold, 
and lengthened by heat, the common clock goes faster in win- 
ter than in summer. 

Various means have been contrived to counteract the effects 
ofthese changes, ao that the pendulums may continue the same 
length the whole year. Among inventiona for this purpose, 
the gridiron pendulum is considered the best. It ia so called, 
because it consists of several rods of metal connected together 
at each end. 

The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and conaequently contract twice as much by 
cold, as steel. If then these differences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the saine rate in all climates, 
and d&ring all seasons, 
f^. 36. This important objeet ia accomplished by the fol- 
f lowing means. 

I Suppose the middle rod, 6g. 36, to be made of 

brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at eachjlnd. Let the steel rod a, 
be £ied to the lower cross piece, and b, to the upper 
cross piece. The rod a, at its upper end passes 
. Ihrougn the cross piece, and in like manner, b 
passes through the lower one. This is done to pre- 
vent these small rods from playing backwards and 
forwards as the pendulum swings. 

Now as the middle rod is lengthened by the heat 
— twice as much as the outside ones, and me outside 
rods together are twice as long as the middle one, 
the actual length of the pendulum can neither be 

What is the iii *iun 
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incnMed nor dimiiiiahed ty the variatioiu of tflmpere- 
ture. 
Fig. 37. 

'^fC To make this still plainer, euppoae the lover 
cross piece, fig. 37, to be standiog on a table, so that 
it could not be lengthened dowawarda, and suppose, 
by the heat of summer, the middle rod oi braes 
{ snoiUd increase one inch in length. Thb would 
elevate the upper crosa piece an inch, but at the 
same time the steel rod a, ewella half an inch, and 
the steel rod h, half an inch, therefore, the two 
.points c and d, would remtun exactly at the same 
distance from each other. 
As it is the force of gravity which draws the weight of the 
pendulum &oin the highest point of its arc downwards, and 
ss this force increases, or diminishes, as bodies approach to- 
wards the centre of the e&rth, or recede from it, so the pendu- 
lum will vibrate foster, or slower, in proportion «s this attrso 
tion is stronger or weaker. 

Now, it is found that the earth at the equator rises higher 
from its centre, than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, being mor« 
strongly attracted at the poles than at the equator, vibratei 
&8ter. For this reason, a clock that would keep exact time 
at the equator, would gun time at the poles, for the rate at 
which a clock goes, depends on the number of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
seconds, must be shorter at the equator and longer at the 
poles. 

For the same reason, a clock which keeps exact time at 
the foot of a high mounllta would move slower on its top. 

There is a short pendulum, used by musicians for marking 
time, which may be made to vibrate fast or slow, as occasion 
requires. This little instrument is called a metronome, and 
besides the pendulum, consists of several wheels, and a spiral 
spring, by which the whole is moved. This pendulum is only 

What 19 necessaJT in respect lo the pendulum, to make the dock go tnio 
the jeai lonnd I What is the piincipte on nhich th« gridiron penduum u 
canstruded I What arethe m^jils of nbicb this iiistTumcnt is Tn&del Ei- 



ptatn Sg. 36, and rave the reaeon why the length cif the pendulum wiU not 
chu^ b; the vanaliaiui of temperature. Explain fig. 37. What is ^ 

downw!™ tbrce which makes tha pendulum Yibrate 1 Eiplain the 

why the aame clock would go £utei at tho poles ( ' ' ' " 

How can a dock whuh goei tnu at the liplstat 
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len or twelve inehea lone, and iiutead of being siupended by 
the eoid, like other pendidumB, the rod is prolonged above the 
poiut of soapension, and there is a ball placed near the upper, 
aa well as at the lower extremity. 
Fig. 36. 

This airangement wiD be understood 
by fig. 38, where a is the axis of sus- 
pension, b the upper ball, and c the 
lower one. Now when this pendulum 
vibrates from the poiut a, the opper 
hall constant!)' reteo^s the modon of 
■ the lower one, by in part connterha- 
lancing its weight, and thus preTcnl- 
ing its full velocity downwards. 

Perhaps this will be more apparent, 
by placing; the pendulum, fig. 3d, ibr 
a moment on its aide, and across a 
bar, at the point of suspension. 
In this position, it will be seen, 
Uiat the little baU would prevent 
— <2y- the large one from falling with 
its full weight, since, were it 
moved to a certain distance from 
Ae point of sospension, it would balance the large one, so that 
it woold not descend at all. It is plain, therefore, diat the 
compaiatiTe velocity of the large ball, will be in proportion 
as the small one is moved to a greater or less distuice from 
the point of suspension. The metronome is so constructed, 
the little ball being made to move up and down on the rod, at 
pleasure, and thus its vibrations are made to beat the time of 
a quick, or slow tone, as occasion rt^iiires. 

By this arrangement, the instrument is ::>ade to vibrate every 
two seconds, or every half^ or quarter of a 8eo<>Dd, at pleasure. 




-:0 



Will a, clock keep equal lime at the foot, and on the top of a. high aunui. 
liinl Why win it not 1 WhM ia the metronoaie 1 How doea IMg pendu- 
lum SSm nam common peodulomB 1 How does the upper ball retard tba 
motioa of OiB kiwer aie t How ia the metionome made to <"< dititT nr iJaweT 
■Ipleunni Wliatiim ' 
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S4 MECHANICS. 

The practical object of tWs science ia, to teach the best 
modes of OTercoming resistances by nieana of mechanicat 
powers, and to apply motion to useful purpoaes, by means ot 
machiDerr- 

A machine is any inatrument by which power, motion, oi 
velocity, is applied, or regulated. 

A machine may be very simple, or exceedingly complex. 
Thua, a pin is a machine for fastening clothes, and a steam 
eneine is a machine for. propelling mills and boats.. 

Aa machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several cunaiderations ought to precede the actual constnic- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
jiew purpose, or to iiirent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, 
that his time and money had been thrown away, for want of 
proper reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a macbipe for 
raising a ship, he ought to take into consideration the inertia, 
or weight, to be moved — the force to be applied- — the strerigth 
of the materials, and the space, or situation, he has to work in. 
For, if the force applied, or the strength of the raaterials, be 
insufficient, his machine is obviously useless ; and if the force 
wid strength be ample, but the space be wanting, the same re- 
sult must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difficulty in respect to 
power, strength of materials, or space to work in, but if the 
velocity, direclion, and kind of motion he obtains, be not ap- 
plicable to the work intended, he still loses his labour. 

Thousands of machines have been constructed, which, sa 
&T as regarded the skill of the workmen, the ingenuity of the 
contriver, and the construction of the individual parts, were 
models of art and beauty; and, so far as could be seen with- 
out trial, admirably adapted to the intended purpose. But on 
putting them to actual use, it has too oftea been found, that 
their only imperfection consisted in a stubborn refusal to do 
any part of the work intended. 
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Now, a thorough knowledge of die Iswb of motion, and the 
principles of mechanics, would, in manr inetances at least, 
hare prevented all this loss of labour and money, and spared 
him so much vexation and chagrin, by showing the pro- 
jector that his machine would not answer the intended pur- 
pose. 

The importance of this kind of knowledge is therefore ob- 
vlons, and it is hoped will become moro so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which mnst be explained, either becanae they are common 
words used in a peculiar sense, or because they are terms of 
art, not in common use. All technical terras will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

Force is the means by which bodies are set in motion, kept 
in motion, and, when moving, are brought to rest. The force 
of guimowder sets the baU m motion, and keeps it moving, 
onm the force of resisting air, and the force of gravity, bring 
it to rest. 

Power is the means by which the machine b moved, and 
the force gained. Thus we have horse power, water power, 
and the power of weights. 

Weisitt is the resistance, or the thine to be moved by the 
force of the power. Thus, the stone is the weight to be moved 
by the force of the lever, or bar. 

HtlcntTn, or prop, ia the point or part on which a thing is 
snpported, and about which it has more or less motion. In 
iBismg a stone, the thing on which Uie lever rests, is the ful- 
crum. ' >*v 

In mechanics, there are a few simpj^ Bfa^nes, called the 
mechanical powers, and however mixed,' or complex, a com- 
bination of machinery may be, it consists only of .mese few in- 
dividual powers. 

We shall not here burthen the memory of the pupil with 
the names of these powers, of the nature of which be is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for his 
accommodation. 

%r 
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Tlie Lever. 
Any rod, or bar, which is used in raising a weight, or tur 
mounting a resistance, by being placed on a fulcrum, or prop, 
becomes a lever. 

This machine is the most simple of sll the mechanical 
powers, and is therefore in umversal use. 

^- **■ Fig. 40 represents a 

1 straight lever, or hand 
spike,cai\ed visa acroio- 
bar, which is commonly 
used in raising and mo- 
ving stone and other 
heavy bodies. The 
block b is the weight, or 
resistance, a is the /ever, 
and c, the fulcrum. 

The power ia the hand, or weight of a man applied at a, to 
depress that end of the lever, and thus to raise the weight 

It will be observed, that by this arrangement, the applica 
lion of a small power may be used to overcome a great re- 
sistance. 

The force to be obtained by the lever, depends on its length, 
together with the power apphed, and the distance of the weight 
and power from the fulcrum. 

Fig. 41. Suppose, fig. 41, that a is the 

lever, b the fmcrum, d the weight 
to be raised, and c the power- 
Let d be considered three times 
as heavy as c, and the fulcrum 
three times as far from c as it is 
from d; then Uie weight and 
Jd, pi^wer will exactlv balance each 
■""^ other. Thus, if the bar he foiir 
feet long, and the fulcrum three feet from the end, then three 
pounds on the long arm, will weigh just as much as nine 

Sounds on the short arm, and these proportions will be found 
le same in all cases. 



plain fig. 40. Which is the weight 1 
power ap^Ued t Whdt u the power in this ei 
to be obtained by the lerer decendl Sappoae 
fidcnm one 5>ot frmn the ena, what Dombei 
other at the eudil 
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When two weights balance each other, the ftdcrum is al- 
ways at the centre of gravity between them, and therefore, to 
make a small weight raise a large one, the fulcrum must be 

S laced as near as possible to the large one, since the greater 
le distance froia, the fulcrum, the small weight or power is 
placed, the greater will be its force. 

^' Suppose the weight i>, fig. 42, 

j,„^ to be sixteen pounds, aai sup 
I pose the fulcrum to be placed so 
Q near it, tra to be ^ised by the 
C power a, of four pounds, hang- 
ing eqncdiy distant from the fiu- 
crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle ot 
the lever. 

But let the fiilcnim be moved along to the middle of the 
lever, with the weight of sixteen pounds still suspended to it, 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

Hg. 43. Thus the power which wonid 

balance 16 pounds, when the 
fulcrum is in one place, must be 
xchanged for another power 
weighing S times as much, when 
I the fulcrum is in another place. 
From these investigations, we 
may draw the following general 
truth, or proposition, concerning 
the lever : " That the force of the leeer increases inproportion 
to the distance of the power from the fulcrum, and diminish- 
esin proportion as the distance of the weight from the fulcrum 
inoreases." 

From this proposition may be drawn the following rule, by 
which the exact proportions between the weight, or resistance, 
and the power, may be found. Multiply the weight by its 

Whffli wEJghlfi balance eBch other, id what point between them must tb^ 
lUcnun be 1 Suppose ei weight of 16 poonds on the short aim of ft leier ia 
Mnmlerbaionced by 4 ponnda in the midiile of the long ana, what pCTrer 
would biluice this weight at the eod of the leYei "i Suppoae the ttilcmn Id 
be moved Co the niiddle of the [ever, what power would uien be equal totll* 
IGponndil What ia the genaialpiopaaiticudnLWD&amthewnnilUl 
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distance from (fc fulcrum ; iA«» multiply the power by its 
distance from the same point, and if the products are equalr 
the vxight and the power will baiance each other. 

Suppose a weignt of 100 pouads on the ehort arm of a le- 
Ter, Q inches from the fulcrum, then another weight, or power, 
ofS pounda, would be equal to this, at the distance of 100 
inches from the fulcruin ; because 8 multiplied by 100 is equal 
to 800 ; and 100 multiplied by 8 is equd to 800, and thus 
they would mutually counteract each other. 

Rg- **. Many instruments in com- 

mon use are on the principle 
of this kind of lever. Scis- 
sors, fig. 44, consist of two 
" levers, the rivet beinp the 
• fulcrum for both. Tte fin- 
gers are the power, and the 
cloth to be cut, the resist' 
ance to be overcome. 
Piocers, forceps, aod sugar cutters, are examples of thia 
kind of lever. 

A common scale-beam, used for weighing, is a lever, sua- 
pended at the centre of gravity, so that the two arms balance 
each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivot, is sharpened, like a 
wedffe, and made of hardened steel, so as much as possible to 
avoid friction. 

Fig. 45. 

— A diah is suspended by cords 

to each end or arm of the lever, 
for the purpose of holding the 
articles to be weighed. When 
the whole ia suspended at the 
point a, fig. 45, the beam or lever 
' ought to remain in a horizontal 
position, one of its ends beins exactly as high as the other. 
If the weights in the two dishes are equal, and the support 
exactly in the centre, they will ahvays hang as represented in 
the figure. 

A very slight variation of the point of support towards one 

What ii the rule for finding the pTDpoTtkniB between the weight and 

rer 1 Give ui illuBtration of this role. What iiwtroinciitB operate on 
priiuHpIe of this lerer 1 When the sdeeore are used, what is the remst- 
ance, and what the ^owei 1 In the common scale-beam, where !■ &g fU- 
cmml Id what poBlliaa OH^t Ule Kftle^teua to iuuij: 1 




end of the krer, will make a diSerence in the weights em- 
ploved to balance each oiher. In weigfaine a pound of sugar, 
with a scale beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be cheat- 
ed nearly one ounce, and conaequendy nearly one pound in 
eTeiT eixteea pounde. This fraud might instantly bo detected 
by cnanging the places of the sugar and weight, for then the 
difference would be quite material, since the eugar would then 
seem to want twice aa much additional weight aa it did really 
want. 

The steel-yard differs from the balance, in having; its sup- 
port near one end, instead of in the middle, and also in hav- 
mg the weights suspended by hooks, instead of being placed 
in a dish. 

P^-46- ., ... 

, If we suppose the beam to be 

e 7incheslong, and the hook, c,fig. 
-? 46, to be one inch from the end, 
then the pound weight a, will re- 
quire an additional pound at h, 
for every inch it is moved from it. 
This, however, supposes that the 
bar will balance itself before any weights are attached to it 
In the kind of lever degcribed, the weight to be raised is on 
one side of the fulcrum, and the power on the other. Thus 
the fulcrum is between the power and the weight 

There is another kind of lever, in the use of which, the 
weight is placed between the fulcrum and the hand. In other 
woraa, the weieht to be lifted, and the power by which it b 
mored, ue on the same aide of the prop. 

'^■^- This arrangement is 

repreaented by fijf. 47, 
where w ia the weight, I 
the lever, / the fulcrum, 
and -p a pulley, over which 
a string is thrown, and a 
j^ small weight suspended, 
(j as the powi 
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How lovr & fnudulent Bcale-bealD Iwnuule} Hoir maj the cheai be de- 
EecCed 1 How does the Eteel-jsrd differ front the balance 1 Id the fint kind 
of lever, when is the fliknim, m respect to the weight and power 1 fa the 
■eoond kiod, where ia the rulcmm, in reapect to the weight utd ptnrer 1 
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gkined hy beanng down Ibe long arm of die lerer, wliich ia 
called prying, ta the second kind, the force ia gwned by 
carrying the wns arm in a contrary direction, or upward, and 
this is called lifting. 

Levers of the second kind are not so common as the fint, 
but are frequently used for certain purposeB. The oara of a 
boat are examples of the second kind. The water against 
irhich the blade of the oar pushes, is the fulcrum, the boat is 
the weighl to be moved, and the hands of the man the power. 
Two men carrying a load between them on a pole, ia also 
an example of this kind of lever. Each man acts as the pow- 
er in moving the weight, and at the same time each becomes 
a fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man towards 
whom it goes, has to bear more of it in proportion as its dis- 
tance from him is less than before. 

Pig_ 4g A load at a, fig. 48, is borne 

equally bj' the two men, being 
I equally distant from each ; but 
at h, Ihree quarters of its weight 
would be on the man at uat 
end, because three quarters iif 
the length of the lever would 
be on the side of the other man. 

In the third, and last kind of lever, the weight is placed at 
one end, the fulcrum at the other end, and the power between 
them, or the hand is between the fulcrum and the weight to be 
lifted. 

, *' This is represented by fig. 

/^ 49, where c is the fulcrum, a 

M the power, suspended over the 

^J--. pulley 6, and d is the weight 

ja to be raised. 

^^ ' This kind of lever works to 

great disadvantage, since the 
power must be greater than 
the weight. It is therefore 
seldom used, except in cases 

What ia the action of the fiisl tind called 1 What is the aMion of the se- 
eODd kind called? Qive examples of the second kind of lever. In lowing a 
boat, what la the fiilcniTn, what the weight, and what the power 1 What 
othei iDuBtralJons of this prindple is ^venl In thethiid kind of lerer, where 
BIS the lespectice places of the weight, power, andfulcnuDl 
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wihere velocity^ and not force is required. In nosing b ladder 
bom die pwmd to the roof of a hoiue, men are obliged, some- 
limes to mftke me of tbis principle, and the peat difBcnlty of 
daiii|r it, illusttates the roecbaniod disadranlage of this kind of 
lerer. 

We have now described the &ree kinds of levers, and we 
hope, have made the manner in which eadi kind acts, plain, 
Iqr iUustretions. But to make the difierence between them 
■oil more obvious, and to avoid all cOnfuson, we will here 
compare them together. 

In the first kind, the weight or resistance, is on the short 
ann of the lever, the power, or hand, on the long ami, and the 
fidemm between them. In the second kind, the weight is 
between the fulcnim, and the hand, or power; and, u the 
diird kind, the hand ig between the fidcrum and the weight. 
Rg-60. 



<r 
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In fig. 50, the weieht and hand both act downwards. In 
61, the weight and hand act in contrary directions, the hand 
upwards, ana the weight downwards, the weight being be- 
tween them. In 63, the nand and weight also actm contrarjr di- 
rections, but the hand is between the fulcrum and the weighL 

What is the ^ssdvojtlagB of this kind of lerer 1 (^ve an example of tha 
use of the third land of lever. In nliat direction do the hand itnd weight 
act, in the fint kind of lererl In what direction do th^ net m the secraid 
kind 1 In what Unction do they act in the thiid kind 1 
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Compound Lever. — When sevBral simple }even ore comieet- 
ed tosetber, and act ODe upon the other, the machine b 
c^ed a compound lever. In this machine, as each lever acta 
as an iudiTidusl, and with a force equal to die action of die 
next lever upon it, the force is incr^sed or diminiBhed, and 
hecomes greater or lees, in proportion to the nuinber or kind 
of lerers employed. 

We will iOustrate this kind of lever by a single example, 
but must refer the inqliisitive student to more extended works 
for a full investigation of the subjecL 
' Fig. 53. 

^ V d- ^g- ^• 

represents a 
compound 
lever, con- 
eietins of 3 
simpK le- 
vers of the 
first kind. 
In calculating the force of this lever, the rule applies, which 
has already been given for the simple lever, namely, the length 
of the long arm is to be multipUed by the moving power, and 
that of the short one, by the weight, or resistance. Let us 
suppose, then, that the three levers in the figure are of the 
same length, the long arms being six inches, and the short 
ones, two inches long, required, die weight which a moving 
power of 1 pound at a will balance at b. In the first place, 1 

Sound at a, would balance 3 pounds at e, for the lever being 
inches, and the power 1 pound, Cxl^O, and the short one 
being 3 inches, 2x3^^ The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, 
multipl}^ the 3 by 6--<18 ; and multiply the length of the short 
arm, Deing 3 inches, by ft— 18. TheBC two producla being 
equal, the power upon the long arm of the third lever, at d, 
would be ft pounds. 9 poundsX6«64, and 27x2, is 54 ; so 
that 1 pouna at a would balance 27 at b. 

The increase of force is thus slow, because the proportion 
between the long and short arms, is only as 2 to <!, or in the 
proportions of 1, 3, 9. 

WbiLt ia a componnd lever 1 B7 what rule ia the fi)rce of the conmonnd 
lever CBkalated 1 How many poands weight will ba nised by threelenm 
connected, of ei^t incheii each, with lbs mlcraui tno inches mni the end, 
by ft power of one pound? 
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Now suppose the long arms of these levers to be 18 inches, 
and the short ones 1 inch, and the result will be surprisingly 
different, for then 1 pound at a would balance 18 pounds at e, 
and the second lever would have a power of 18 pounds. This 
being multipUed by the len^ of the lever, 18xl&=334 
ponnils at A. The third lever would thug be moved by a power 
of 334 pounds, which, multiplied by 18 inches for the weight 
it would raise, would give 5833 pounds. 

The compound lever is employed in the construction of 
loHghing machines, and particularly, in cases ivhere great 
weights are to be determined, in sitoations where other ma- 
chines would be inconvenient, on account of tlieir occupying 
too much space. 

Wheel and Axle. 
The mechanical power, nest to the lever in simplicity, is 
Qtewkeel and axle. It is, however, much more complex than the 
lever. It consists of two wheels, one of which is larger than 
the other, but the small one passes through the larger, and 
hence both have a common centre, on which tlicy turn. 

f^-M. The manner m which this 

machine acts, will be understood 
by fig. 64. The large wheel a, 
on turning die machine, will 
t^e up, or throw off as much 
more rope than the small wheel 
or axle o, as its circumference is 
greater. If we suppose the cir- 
cumference of the large wheel 
to be four times that of the small 
one, then it will take up the rope 
four times as &3t. And because 
a is four tjmes as large as b, 
1 pound at d will balance 4 pounds at c, on the opposite 
side. 

The principle of this machine is that of the lever, as will 
be apparent by an examination of fig. 65. 

If the long anoB of tliB kten be 18 inchei, sniJ th» alwat one, one inch, 
how much will a power of one pound bEJance t In what machincB is the 
compound lever employed 1 What advantages do these machines possew 
over othen 1 What is the neit oimple mechanical power to the lever i De- 
■eribe this madiiiie. Eipbin fig. 54. On what principle doea this m». 
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'Pig- 5&. Thie figure represents the i 

endwise, so as to show in what manner 

the lever operates. The two weights 

hanging in oppoailion to each other, the 

t one on the wheel at a, and the other on 

I the axle at b, act in the same manner M 

/ if they were connected by the horizontal 

lever a b, passing from one to die other, 

having the conunon centre, c, as a flil- 

crum Detween them. 

The wheel and axle, therefore, acts 
like a constant succession of levers, the 
long arm being half the diameter of the 
wheel, and the Aort one half the diameter of the axle ; the 
common centre of both being the fulcnmi. The wheel and 
axle has, therefore, been called the perpetual lever. 

The great advantage of this mechanical arrangement is, 
that while a lever of the same power can raise a weight but a 
few inches at a time, and then only in a certain direction, this 
machine exerts a continual force, and in any direction wanted. 
To change the direction, it is only necessary that the rope by 
which the weight is to be raised, should be carried in a line 
perpendicular to the ana of the machine, to the place below 
which the weight lies, and there be let foil over a pulley. 




Fig.sa. 



Suppose the wheel 
and axle, fig. p6, is 
erected in the third 
story of a store house, 
with the axle over the 
scuttles, or doors 
through the floors, so 
that goods can be raised, 
by it from the ground 
floor, in the direction 
of the weiefat a. Bnj 
pose also, that the same 
store stands on a whar^ 
where ships come np to 

In 6f. 55, which ia the fiilianm, and which the tno amii of the lewrl 
What IS thw miichine called, in rafrrence to the principle on which it actil 
What ia the great adruitage of lllia mschine orer the level sod otliei id»- 
.•huiical powen % Deecribe fig, 66, and pcint ovl the """t"' in iriiieh 
iragDla can he nuaed bj littiMg M & rope over tbe poUqr. 
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Its ndO) ud goods are to be remoTed from the veuels Into tha 
upper etories. Instead of remoTing the ^oda into the store, 
and hoisting them in the direction of a, it is only necessary to 
carty the rope h, over the pulley c, which is at the end of a 
strong beam projecting out trom ihe aide of the store, and then 
the goods will be raised in the direction of d, thus saving the 
labor of moring them twice. 

The wheel and axle, under different forms, is aj^lied to a 
variety of common purposes. 



Fig. 57. 




The capstan, in niuTersal use, on 
,boerd of ships and other Tessels, is 
an axle placed upright, with a head, 
or drum, a, fig. 57, pierced with 
holes, for the levers b, c, d. The 
weight is drawn by the rope e, pass- 
two or three times round the 
axle to prevent its slipping. 

This is a very powerful and con- 
renient machine. When not in use, 
the levers are taken out of th^ 
places and laid aside, and when great force is required, two or 
three men can push at each lever. • 

The common windlass for drawing water, is another modi- 
fication of the wheel and axle. The winch, or crank, by 
which it is turned, is moved around by Ihe hand, and there is 
no diSerence in the principle, whether a whole wheel is turned, 
or a single spoke. The winch, therefore, answers to the 
wheel, while the rope is taken up, and the weight rused by the 
axle, as already described. 

^' "■ In cases where ^at 

weights are to be raised, 
'. UHtl ^ ' and it is required that the 
machine should be as 
small as possible, on ac- 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 6S, 
is sometimes used. 

The axle may he con- 

^ sidered in two parts, one 

Wbatiithecapstuil Where i« it cMeflyuMdl Wluit arc the peculiar ad- 

vantagMorttnifbTmofthsiTbwIaitdBxkT latheoainnannindUsa, what 

put anawera to the whedl 
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of which is larger than the olher. The rope is attached by 
its two ends, to the ends of the axle, as seen in the fignr«. 
The weight to be raised is attached to a small pulley, or wheel, 
rouod wliich the rope passes. The elevation of the weight 
may be thus described. Upon turning the axle, the roj)e is 
coiled around the larger partj^ and at the same time it is 
thrown ofl' the sjnaller part, ^t every revolution, therefore, 
a portion of the rojje will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion,, 
equal to that of the iJiinner part, will be let down/. On the 
whole, ihen, one revolution of the machine will shorten the 
rope where the weight is suspended, just as much as the dif- 
ference between the circumference of the two parts. 
Fig. 59. 

^ow to understand the principle on which 
' this machine acts, we must refer to fig. 59, 
where it is obvious that the two parts of the 
rope a and b, equally support the weight d, 
and that the rope, as the machine turns, pasa- 
es from the small part of the axle e, to the 
large part A,, consequently the weight does 
not rise in a perpendicular line towai^s c, the 
centre of both, but in a line between the out- 
sides of the large and small parts.y Let ns 
consider what would be the consequence of 
changing the rope a to the larger part of the 
axle, BO as to place the weight in a line per- 
pendicular to tlie axis of motion./ In this case, 
s that the machine would be in equilibriimi/ since 
the weight d, would be divided between the two sides equally, 
and the two arms of a lever passing through the centre c, 
would he of equal length, and therefore no advantage would 
be gained. But in the actual arrangement, the weight being 
sustained equally bv the large and small parts, there is involv- 
ed (f lever power,Ithe long arm of which ia equal to half the 
e the short arm is eqnal to half 
s small part, the fulcrum being between 

*=— ,1 : . 

Eiplaii: Eg. 58. '*WIiy is the rope ehottpned, and the we^lit raiged 1 
Wliat is the design of tig, 59 1 Does the wtdght rise peipcnduldu to the 
i;iifl of motion 1 Sapposc tlio cylinder was, throiMliouti of the same nze, 
wLiat would be the con^'quence 7 On what priodpte does (his machine tet 7 
Whicli are the long mid short aims of Ihe lever, «nd where is the fVikium 1 
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Aa the wheel and axle is otiy » modificatioil of die simple 
lever, so a system of wheels acting on each other, and trans- 
mitting the power to the resistance, is only another form of 
Ae compound^ lever. 

Fig, 60. SuchacomlnnBtionis 

shown at fig. 60. The ' 
first wheel, a, by means 
of the teeth, or cogs 
around its axle, moves 
the second wheel, b, 
with a force i^qud to that 
of a lever, the long arm 
of which extends from 
the centre of the wheel 
and axle to the circum- 
ference of the wheel, 
where the power p, is 
suspended, end the short 
arm from the some centre to the ends of the co^. The dot- 
ted line c, passing throngh the centre of the wheel a, shows 
the position of the lever, as the wheel now stands. The cen- 
tre on which both wheels turn, it will be obviouf , is the ful- 
crum of this lever. As the wheel turns, the ehoi t arm of this 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel b, aiid this again 
through the teeth on the axle of b, will transmit its force to 
the circumference of the wheel d, and so by the short arm of 
the third lever to the weight to. As the power or small 
weight falls, therefore, the resiatance, w, is raised, with the 
multiplied force of three levers, acting on each other. 

In respect to the force .to be gained by such a machine, 
suppose the number of teeth on the axle of the wiieel a, to be 
six times less than the number of those on the circumference 
of the wheel b, then b would only turn round odeb, while a 
turned six times. And in like manner, if the nun ber of teeth 
on the circumferenqe oid, be six times greater thin those on 
the axle of b, then d would turn once, while b turned six 
times. Thus six revolutions ,of-a would make & revolve once, 
and six revolutions of 6, would make d revolve once. There- 
fore a makes thirty-six revolutions, while d makes only one. 
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The diameter of the wheel a, being three limes the diame- 
ter of the axle of the wheel d, and ita velocity of motion being 
36 to 1, 3 timea 36 wUl give the weight which a power of 1 
pound at p, would raise at w. Thus 36x3=108.f'One 
pound at p would therefore balance 108 pounds at w.') 
C If the student has attended closely to what has beea s^d 
on mechanics, he will now be prepared to understand, that 
no machine, however simple or complex it may be, can ereate 
the least degree of iorce.} It is true, that one man with & 
.machine, may apply a force which a hundred could not exert 
' with their hands, but tlien it would take him a hundred times 
as long. 

Suppose there are twen^ blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute^ One man, with a capstan,^ 
we will suppose, may more them all at once, but this man, 
with his Iever,(would have to make one revolution for 
every foot he drew the whole load towards him, and there- 
fore to make one handred revolutions to perform the whole 
work. ) It wouW also take him twenty times as long to do it, 
as it took the twenty men. His task, indeed, would be more 
than twenty timea harder than that performed by the twenty 
men, for in addition to moving the stone, he would have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed. 

Hence there would be an actual loss of power by the use of 
the -capstan, though it might be(a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him.^ 

The same principle holds good infespect to other machine- 
ry, where the strength of man is employed as the power, or 
prime mover. There is no advantage gained, except that of 
convenience. In the use of the most simple of all machines, 
the lever, and where, at the same time, there is the least force 
lost by friction, fthere is no actual gain of power, for what 
seems to be gained in force is always lost in velocity./ Thus, 
0i a lever is of such length to raise 100 pounds an mch by 
the power of one poimd, its long arm must pass through a 

What weidit will one pound at p balance at id ? Is there any actual 
power gained by the use of machine ly 1 Suppose 20 men to move 30 Moaca 
to a certain distance with their hanrls, and one man mores tham bock to the 
same place wHb a capstan, which peribnns the matt actual labor % Why 1 
Why, then, i» machuKry a. convenkncel 
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spaee of 100 inches. / llius, what is gained in one way is 
lost in another. 

/Any power by which a machine ia mored, must be equal to 
the resistance to be overcome, and, in all cases ^'here the 
power descends, there will be a proportion between the velo- 
city with which it mores downwar^, and the velocity with 
which the weight moves npward9./(Jliere will be no differ- 
ence in this respect, whether the machine be simple or com- 
poondj'for if its force be increased by increasing the number 
of leVers, or wheels, the velocity of the moving power must 
also be increased, as that of the reaielance is diminished. 

There beinv, then, always a proportion, between the velo- 
city widi which the moving lorce descends, and that with 
which the weight ascends, whatever this proportion may be, 
it ia necesaarv thai the power should hare to the resistance 
the same ratio that the velocity of the resistance has to the 
velocity of the power. In other words, ^jTke power multi- 
plied by the space througk which it moves, in a vertical direc- 
tion, must be e^ual to the weight muMptied by the Space 
through which it moves in a vertical direction."y / 

This law is kaown under the name of " the law ofif virtual 
velocitiesjlt and is considered the golden rule of mechanics.^ 
This jffinciple has already been explained, while treating 
of the lever; but that the student should want nothing to aseist 
him in clearly comprehending so important a law, we will 
again illustrate it in a different manner. 

£^. 61. f Suppose the weight of ten pounds to be 
^ suspended on the short arm of the lever, 
fi^. 61, and that the fulcrum is only one 
„l inch from the weight ; then, if the lever be 
4>J> I ten Inches long, on the other side of the 

fulcrum, one pound at a would raise, oi 
balance, the ten pounds at b. ) But in raising 
the ten pounds one inch in a vertical direc- 
tion, the long arm of the lever must fall 



- In the n»e of the lever, whoi proportion ia there between the force of tim 
■hort nxro, atul the vclodty of the long arm 1 How ia this illnRtmlsd 1 '.-It 
fa mid, that the letocit; of the power downwarda; must be in praportion in 
.^ 01 the weight upwaidal Doea il make uiy diSWenca, in thuTeapect, 
(Khethtt the machine be aartple or oampoond 1 What ia tiije golden mo of 
mschuucal Under what Dajne is tiiia Itiw known 1 ExiJainSg, Gl, nnd 
Agw how the rule ia ilhu(nl«d by tfaki figme. 
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ten inches in a »ertica) direction, and therefore Ibe relodQ 
of a would be ten times the vdocity of h.f 

The application of this law, or rnle, ia apparent The pow 
er is one pound, and the apace through which it jails ie 10 inch- 
es, therefore 10x1—10. The weight ia 10 pounds, and the 
apace through which it rises is one inch, therefore 1x10^10. 
Thus the power, multiplied by the apace through which it 
moves, is exactlj' equal to the weight, multiplied by the space 
through which it moves. ^ 

^> G3. (i Arain, suppose the lever 

fig. m, to be thirty inches 
long from the fulcrum to die 
point where the power p \» 
|\ suspended, and that the 
' \ weight w is two iachea itom 
\ the fulcrum. If the power 
I be 1 pound, the wei^t most 
j be fifteen pounds, to produce 
/ equiljbrinm, and the power 
/ f must fall thirty inches, to 
/ raise the weight w two inch- 
' ea. Therefore the power be- 
ing 1 pound, and the space 
30 inchea, 30x1^30. The weight oeing 16 ponncls, and the 
space 2 inches, 15x^^30. / 

Thus the power, multiplied by the space through which it 
&t1s, and the weight, multiphed by the space through which 
it rises, are equal. 

f However complex the machine may be, by which the foroe 
5i a descending power is transmitted to the weight to he raised, 
the same rule wul apply, as it does to the action of the sim- 
ple lever. \t 

The Pulley. 

' A pulley, coiisistsof awheel, which is grooved on the edge, 
and which ie made to turn on its axis, by a chord passing 



Explain £g. 63, and ahow how the mne mle u iHiuteate d b y iL Whal 
u laia of the ap^ticaliiKi of tiiii mle to eouqdai madunea 1 'Woat ■ a pot 
fcyl 




D,mi,.=db,Gooylc 



^^VfiS- /Fig. 63 represents a simple pulley, 

™T|~ with a single fixed wheel. / In other 

Vy. forifta «f the machine, the wheel moves 

'~'^\ Tip and down, with the weight. 

\ The pulley is arranged among the 

\ simple mechanical powers -J but when 

\ several are connected, the machine is 
a. system of pitlleys,oi a compound 



W, called a syst 

O^fe pulley. / 
r" / One of tl 
' ) bfthepullei 



It obvious advantages 

le pulley is, its enabling men to exert 

their own power, in places where they cannot go themselves./ 
Thus, by means of a rope and wheel, a man can stand on the 
deck of a ship, and hoist a weight to the topmast. 
/ By means of two fixed pulleys, a weight may be raised jyj- 
ward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that 
the rope is drawn horizontally. / 

^- ^- Fig. 64 represents two 6xed 

pulleys, as they are arranged for 
such a purpose. In the erec- 
tion of a lofty edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pulling at the rope 
a, would raise the weight w 
vertipally, as far as he went 
horizontally. 

/ In the use of the wheel of the 
\ pulley, there is no mechanical 
advantage, except that which 
arieefl from removing the fnctian, aud diminishing the imper- 
fect flexibility of the rope/ 

In the mechanical effects of this machine, the result would 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 
/ The action of the pulley is on a different principle from that 
of the wheel and axle. /A system of wheels, os already ex- 
plained, acts on the same principle as the compound leve 



pulley f What 

two feed pnlleya be p] , „ 

gpea horizontally ? Whut ie the advantage of the wheel of the pulley ' 



ipound 
ighl'veTtically' as ht at the powei 
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But the mechanical efficacy of a ■jrstem of pulleys, is derived 
entirely from the diriaion of the weight among the strings ena 
^ojea in suspending it. /In thenae of the single /:cc(I pulley, 
there can be no mechanical advantage^ since the wei^t rises '• 
as &st as the power degcends. Thia is obvious by fig. 63 ; 
where it is also apparent that the power and weight must bo 
exactly equal, to balance each other, 

"g-^- In the single jnoveahle pulley, fig. 66, the 

~? same rope pasaes from tlie fixed point a, tc 
^ the power p. It is evident, here, that the 
weight is supported equally b;^ the two parts 
of ilie string between which it hangs. 
^Therefore, if we call the weight lo ten 
pounds, five pounds will be supported by 
one airing, and five by tn.' other.y The pow- 
er, then, will support twice its own weight, 
so that a person pulling with a force of five 
Lu pounds at p, will raise ten pounds at to. 
The mechanical force, therefore, in respect 
to the power, is as two to one. 
In this example, it is supposed there are only 
two rapes, each of which bears an equal part of 
the weight. 

/ If the number of ropea be increased, the 
weight may be increased with the same power ;/ 
or Uie power may be diminished in proportion 
as the number of ropes is increased. In fig. 66, 
the number of ropes sustaining the weight 
is four, and therefore, the weight may be four 
times as great as the power. This piinciple 
must be evident, since it is plain thai each rope 
sust^ns an equal part of the weight. The 
weight may therefore be considered as divided 
into four parte, and each part sustained by one 
rope. 

In fig. 67, there ia a system of pulleys repre- 
sented, in which the weight ia sixteen times 
the power. 

Haw doea ths sdioQ of the pullej differ from that of 
the whed and axle 1 Is there any nuchanbal advantage 
in the filed pulley 1 What WCT^it at p, fig. 65, mil 
balajira ten pounds at v 1 Su[K>ase the number of topea 
to be increased, and the weight increued, most the pown 
be iccreaeed ak>1 



/The tenaion of the rope d,e,it 
'J eridently equal to the power, o, be- 
cause it Buataina it : if, being * 
moveable pulley, must sustain a 
weight equal to twice the power; 
but the weight which it sustains, 
is the tension of the second rope, 
d, c. Hence the tension of the se- 
cond rope is twice that of the first, 
and, in like manner, the tension of 
the third rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope. 

Suppose the weight w, to be six- 
teen pounds, then the two ropes. 
Sand 8, would sustain just 8 pounds 
each, this being; the whole weight 
divided equally between them. 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weight, because the 
other half is already sustained by 
a rope, fixed at its upper end. The 
next, two ropes sustain but half of 4, for the same reason ; 
and the next pair, 1 and 1, for the same reason, will sustain 
onlyhalf of 2. Lastly, the power p, will balance two pounds, 
because it sustains but half this weight, the other half being 
snstEiined by the same rope, fixed at its upper end. / 

It is evident, that in th^ system, each rope and ptdley 
which is added, will double the effect of the whole. /Thus, by 
adding another rope and pulley beyond 8, the weight lo might 
be 3St pounds, instead of 16, and still be balanced by the Hsme 
power. / 

In our calculations of the effects of pullies, we have allowed 
nothing for the weight of the pullies themselves, or for the 
friction of the ropes. In practice, however, it will be fotmd, 




BnpoMs the wdshl, fig. 66, to be 33 ponniih, what wiH each rope beai7 
Expl^ fig. GT, and Muiw what put of the weight each rope BUBtaioB, und 
whv 1 poDiid Bt p, win baWtce 16 pounds at w. Explain the leuon wh; 
Met niM tininl lope and pulley w31 doulile the eSeet of the whole, or wb; 
Iti weight ma; be donhle by diat of all the otheiB, with the aame power. 



<i„Gooylc 



84 

that nearly /bne third must be allowed for IHctionJand that 
the power, therefore, to actually raise the weight, must be 
about one third greater than has been allowed. 

The pulley, like other machines, obeys the law of virtual 
velocities, already applied to the lever and wheel. Thus, "in 
a system. ofpvUies, the ascent of the weight, or resistance, ia 
as miich less than the descent of the power, as (fee vieight is 
greater than the power." I^ as in the last example, the weight 
13 16 pounds, and the power 1 pound, the weight will rise only 
one foot, while the power descends 16 feet. 

In the single fixed pulley, the Weight and power are equal, 
and consequently, the weight rises as fast as Uie power do- 
sceuds. 

With such a pulley, a man may raise himseK up to the tnast 
head by his own weight. Suppose a rope is thrown over a 
pulley, and a man ties one end of it roOncI his body, and takes 
the other end in his hands, i He may raise himself up, because, 
by pulling with his hands, he has the power of throwiuff m8re 
of his weight on thai side than on the other, and when he does 
this, his K»dy will rise. / Thus, although the power and the 
weight are the same individual, still the man can change his 
centre of gravity, ao as to make the power greater than the 
weight, or the weight greater than the power, and thus can 
elevate one half hia weight in succession. 

Th£ Inclined Plane. 
The fourth simple mechanical power is the inclined plane. 
Pig. aa . /This power consisls of a plain, 

smooth Biu^Bce, which is inclined 
-^^ towards, or from the earth, i It is 
represented by fig. 68, where from 
a to i is the inclined plane ; the 
line from d to a, is its height, and 
that from & to rl, its hose. 
J A board, with one end on the 
ground, and the other end resting 
on a block, becomes ao inc^oed plane. 

./This machine, being both useful and easily conatnwted, is 
in very general use, especially where heavy bodies are to he 
raised only to a small height./ Thus a man, by means of an 

In compound macliinee, how much of the.power must be aHoviBd tat Ibe 
fiidian "i How may a itiiiji raiae himself up b; means of a n^ mA imglB 
fixed palby "i What U m locliaed pbae 1 
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inclined phne, which he can readily construct vith a board, 
or conple of bara, can raise a load into his wagon, which ten 
men could not lift with their handeJ 

The power required to force a given weight up an inclined 
plane, is in a certain proportion to its height, and the length of 
its base, or, in other words./the force must be in proportion to 
the rapiditf of its inclination. / 



Fig. 69. 




y The power p, fig. 69, 
fulling a weight up the 
inclined plane, from c to 
d, only raises it in a per- 
pendicular direction from 
e to d, by acting along 
the whole length of the 
plane. If the plane be 
twice as long as tt is high, 
that is, if the line from c to d be double the length of that from 
etod, flien one pound at p will balance two pounds any where 
between d and c. It is evident, by a glance at this fig., that 
were the base, that is, the line from e to c, lengthened, the 
height from e to d beinr the same, that a less power at p, 
would balance an equal weight any where on the incUned 
plane ; and so, on the contrary, were the base made shorter, 
" ■ ■ ■' ■ ' iteep, uie power must be increased in 

Suppose twoinclined planes, 
fi§. 70, of the same height, 
with bases of different lengUis; 
then the weight and power 
,/will be to each oAer aa the 
"'length of the planes./ If the 
— > length from a to &, is two feet, 
" ^ and that from b to c, one foot, 

then two pounds at d will balance four pounds at w, and so in 
tlnsproportion, whether the planes be longer or shorter. 
/The same principle, with respect to the vertical velocities 
of Uie weight and power, applies to the inchned plane, in com- 
mon with the other mechanical powers. / 

On wh&t occadoos ia this power chkfl; used % Suppose 
load a banel of dda into bis wsgon, how does be make a 
to this purpose 1- Tondl Bfrnai weight op 
Ihebne bepiyporlioDedl. Explain fig. S9. 
fig. TO, he dniUe that of the short one, what : 
& yvwm and the wdglitl 




ui indiiied plane, lo what mm 
Ifthe length of the lo 
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^' "n- Suppose the iaclined plane, Ag. 

^ Tl, to be two feet from atob, and 
,e foot 'from c to b, then, aa we 
have already seen by fig. 69, a pow- 
er of one pound atp, woidd bal- 
ance a weight of two pounds at ic. 
' Now, in the fall of tne power to 
draw up the weight, it is obvious 
that its vertical descent must be just 
'"'ice the vertical ascent of the 
eight /for (he power must fall 
down the distance from a to 6, to draw the weight that dis- 
tance ; but the vertical height to which (he weight w is raised, 
is only from c to b. Thus uie power, being two pounds, must 
bii two feet, to raise the weight, four pounds, one foot; and 
thus the power and weight, multiplied by the several velo- 




aO" 



cities, are equal. 



TTte Wedge. 



The next simple mechanical power is (he wedgt^' Thia 
instrument may he considered as two inclined planei^ placed 
base to base.; It is much employed for the purpose of spKt- 
ting or dividing solid bodies, such as wood and stone./ 

w,. •» pig_ 72 represents such a wedge as is usually 

employed in cleavmg timber. This instrument is 

also used in raising ships and preparing diem to 

launch, and for a variety of other purposes. 

I /Nails, awls, needles, and many cutting mstru- 



?^.T2. 



nihep 



iple of this machine./ 



iciple ( ^ 

/ There is much uifficully iu estimating the pow- 
er of the wedge, since this depends on the force, 
or the number of blows given it, together with 
the obliquity of its sides. / A wedge of great ob- 
liquity would require hard blows to drive it for- 
ward, for the same reason that a plane much in- 
clined, requires much force to roll a heavy body 
up it. But were the obhquity of the wedge, and 



WhM is raid of the applicatjon of the law of vertical »eIocitirai to the in- 
clined pluie 1 Eiplain %. 70, anj show why the power must fidi tirice u 
&i KB the weight nses. On what princi[Je does the wedge act ] In what 
ca«eB IB this power uBeftill What commiD iiutrumeati act on tbe prindple 
ofthewedifel WhatdifficulQrbtheTeiaeMiiaUiiigtlKpinraroftbBwcdgel 
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the force of each blow given, still U would be difficult to u- 
certaiu the exact power of the wedge in ordinary cases, for. 
La the splitting of timber, aod stone, for instance, the dirided 
parts act as levers, and thus greatly increase the power of the 
fredge. Thus, in a log of wood, six feet long, when split one 
half of its length, the other half is divided with ease, because 
the two parts act as levers, the lengths of which constantly in- 
crease, as the cleft extends from the wedge. 

Th£ Screw. 
. The screv> is the fifth and last simple mechanical power. 
' It may be considered as a modification of the inclined plane, 
or as a winding wedge. / It is an inclined plane running spi- 
Pig. 73. '^''y round a spindle, as will be seen 

by fig. 73./ Suppose a to be a piece 
of paper cut into the form of an in- 
clined plane, and rolled round the 
g'ece of wood d; its edge would 
rm the spiral line, called the 
(Aretwi of the screw. 

If the finger be placed between 
- the two threads of a screw, and the 
' screw be tumeil round once, the 
finger will be raised upward equal to the distance of the two 
threads apairt. In this manner the finger is raised up the in- 
clined plane, aa it runs round the cylinder. 



Fig. 74. 



The power of the screw is trans- 
mitted and employed by means of 
another screw called the mit, through 
which it passes. This has a spiral 
groove running through it, which ex- 
actly fits the thread of the screw. 

If the nut is fixed, the screw itself, 
on turningit round, advances forward ; 
but if the screw is fixed, the nut, when 
turned, advances along the screw. 
/ Fig. 74, represents the first kind of 
screw, being such as is commonly 
used in pressing paper, and other 
substances. /The nut, n, throu;ih which 
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the icrew pasees, answers also for one of the beamg of die 

Sresi. ilf the screw be turned to the right, it will advance 
ownwards, while the nut etands still.' 

Fig.Tb. A Bcrew of the second kind is 

represented by fig. 76, In this, 
the screw is ism, whUe the nut, 
Ji, by being turned by the lever, I, 
I from left to right, will advance 
' down the screw. 

In practice, the screw is never 
used as a simple mechanical ma- 
chine ; ; the power being always 
applied by means of a lever,- pass- 
ing through the head of the screw, 
as in fig. 74, or into the nut, as in 
fig. 76. 
The screw, therefore, acts with 
the combined power of the inclined plane and the lever,'and 
its force is such as to be limited only by the strength of the 
materials of which it is made. 

In investigating the effects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, 
so that the screw now becomes really a compound engine. 

In the inclined plane, we have already seen, that the less it 
is incUned, the more easy is the ascent up it In applying the 
same principle to the screw, it is obvious, that the greater the 
dislance of the threads from each other, the more rapid the 
inclination, and consequently, the greater must be the power 
to turn it, under a given weight ' On the contrary, if the 
thread inclines' downwards but slightly, it will turn with less 
power, for the same reason that a man can roll a heavy weight 
up a plane but little inclined. Therefore, the finer the screw, 
or the nearer the threads to each other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart; then the force 
which the first screw will give with the same power at the 



D,mi,.=db,Gooylc 



lerer will be only half tb&t giceo by the aecond. The second 
screw mtut be tnmed twice as many times rtnrnd n the first, 
to go through the same apace, but what is lost, in velocity is 
gained in power. At the lever of the £rEt, two men would 
rtuae a given weight to a given height by making une revolu- 
tion ; miile at the l«ver of the second, one man would raise 
the same weight to the same height, by making two revolu- 
tions. 

I It is apparent that the lengdi of the incKned plane, up' 
which a body moves in one revolution, is the circumference 
of the screw) and its height, the interval between the threads.' 
The proportion of its power would therefore bel"as the cir- 
cumference of the screw, to the distance between the threads, 
eo is the weight to the power.)' 

' By this rule the power of the screw alone can be found ; 
but as this machine is moved by meana of the lever, we must 
estimate its force by the combined power of both, i In this 
■ )e, the circumference described by the end of the lever em- 
jyed, is taken, instead of the circumference of the screw 
, The means by which the force of the screw may be 
Ibund, is therefore by multiplying the circnmfrrence which the 
lever describes by the power. Thus, " tlie power multiplied 
by the circumference which it describes, is equal to the weight 
or resistance, multiplied by the distance between ike two contig- 
vous threads." Hence the efficacy of the screw may be in- 
creased, by increasing the length of the lever by which it is 
turned, or bv diminisning the distance between the threads. 
If^ then, we know the len^lh of the lever, the distance between 
the threads, and the wei^t to be raised, we can readily cal- 
culate the power ; or, the power beinz given, and the distance 
of the threads and the length of the lever known, we can es- 
timate the weight the screw will raise. 

Q'hus, suppose the length of the lever to be forty inches, the 

distance of the threads one inch, and the weight SOOO pounds ; 

required the power, at the end of the lever, to raise the weighL '. 

The lever being 40 Inches, the diameter of the circle, which 

Si^ipoae c^ Bciew, with its threads one inch span, and aimtheT half UB 
inch apait, what will be thnc difierence in fines 1 What is the length of 
the inclined [Jane up which a bodv maros by one rcvolutioQ of the scjew 1 
Wlml would be the height W which the OTme body would m — -' 



a*"- 



. . . How is the bnx of the acnrw eatimatec 1 How m&y the efficacy 
of die WMW be incTMsed % f The length of ths kver, the Satiooe between 
the ttinatk, and Ae wagU, being k»)wn, how can tha power beftnindt 
Qtrntntiaimifei 

8- 
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the end describeBi is 80 inches. The drcnmference is a lit- 
tle more dian three times the diameter, but we will cidl it 
just three times. Then SOx^^^iQ inches, the drctunfer- 
ence of the circle. The distance of the thre&ds is 1 inch, and 
the weight 6,000 pounds. To find the power, multiply the 
weight fay the distance of the threada, and divide hy the cir- 
cumference of the circle. Thus 

circuni. in. woightf power 

840 -[- 1 :: SOW = 33* 
The power at the end of the lever must therefore be 33) 
pounas. In practice this power would require to be increas- 
ed about one third, on accoiuit of Mction. 

The force of the screw is sometunes employed to turn a 
wheel, by acting on its teeth. In this case it is called the 
perpetual screw. 

li^- 7G. Tig. 76 represents such a ma- 

1 ^^^ chine. It is apparent, that by tum- 

. T ^ing the crank c, the wheel will re- 
fj (=!1 Tolve, for the thread of the screw 
passes between the cogs of the 
wheel. By means of an anle, 
throngh the centre of this wheel, 
like the common wheel and axle, 
this becomes an exceedingly pow- 
erfiil machine, but like all other 
contrivances for obtaining great 
power, its effective motion is ex 

ceedingly slow. It has howevei 

some disadvantages, and particularly the great friction between 
the thread of the screw and the teeth of the wheel, which pre- 
vents it from being generally employed to raise weights. 

We have now enumerated and described all the mechani 
cal powers usualiy denominated simple. They are five in 
number, namely, the Lever, Wheel and Axle, Pulley, Wedge, 
Inclined Plane, and Screw. 

In respect to the principle on which they act, they may be 
resolved into three simple powers, namely, the lever, the in- 
clined plane, and the pulley ; for it has been shown that the 
wheel and axle is only anoUier form of the lever, and that the 
screw is but a modificati<m of ihe inclined plane. 




What. ._ 
the object of 
nicalponerr 



diew 



w called when it k raoployed to turn a wbed 1 What ■ 

--'-'-- ■"— — --' — weights t How m»iiy rimrie mecba- 

elhejcalMI How can Ihqr ba n- 
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It is BarprieiDg indeed, that these eimple powers can be so 
arranged and modified, na to produce the different actions in 
all that raat vanet7 of intricate machineiy which men have 
inrented and constructed. 

- The variety of motiona we witness in the little eng;ine which 
makes cards, by beinff supplied with wire for the teeth, and 
strips of leather to stick them through, would itsdf seem to 
involve more mechanical powero flian those enumerated-' 
This engine takes the wire from a reel, bends it into the form 
of teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; tlien e^ves it another 
bend, on the opposite side of the leaUier ; graduates the spa- 
ces between the rows of teeth, and between one tooth and 
another ; and at the same time, carries the leather backwards 
sod forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motiona of 
the parts which make and stick the teeth, as not to produce 
the ifference of a hair's breadth in the distance between them. 
I All this is done without the aid of human hands, any far- 
ther than to put the leather in its place, and turn a crank ; or, 
in some instances, many of these machines are turned at once, 
by means of three or four dogs, walking on an incUned plane 
which revolves, 

.' Such a machine displays the wonderful ingenuity and per- 
severance of man, and at first sight would seem to set at 
naught the idea that the lever and wheel were the chief sim- 
ple powers concerned in its motions. ' But when these motions 
are examined singly and delilierately, we are soon convinced 
that the wheel, vanously modified, is the principal mechanical 
power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time and ingenuity which men have spent on the con- 
struction of machinery,' and in attempting to mullipl^ their 
powers, there has, as yet, been none produced, in which the 
power was not obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore no actual force is 
ever generated by machinery. 

Suppose a man able to raise a weight by means of a com- 
pomid pulley of ten ropes, which it would take ten men to 

What it raid oCIhe oard-mBkiiig nwclmie^ WliM m the chief nwi^iuu- 
cslpowen concerned in ita motkiaial b then uir acttud taite geaentei 
tiy mechineiy 1 Can great velodtr sad gnat foice b» jmdoeed b; the «<ana 
nuehinajl Whynatl 
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raise by one rope, without puUere. If the weight is to b« 
raised a yard, tne ten men by puHing their rope el yard wiU do 
die work. But the man with the puilej-s must draw his rope 
ten yards to raise the weight one yardt and in addition to this, 
he 1^3 to OTercome the uicUon of the ten pulleys, making 
about one third more actual labor than was employed by the 
ten men.; But notwithstanding tiiese inconveniences, the use 
of machinery is of vast iinportance to the worid. 

On board of a ship, a few men will raise an anchor with a 
capstan, which it would take ten or twenty times the same 
nimiber to raise without it, and thus the ex]>ense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a Stone which it would 
take twenty men to move without it, and though it should take 
him twenty times as long, he would still be the miner, since 
it would be more convenient, and less expensive fof him to do 
the work himself, than to employ twenty olhera to do it for 
him. 

When men employ the natural elements as a power to over- 
come resistance by means of machinery, there is a vast savine 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 



j^ HYDROSTATICS. 

Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when m a 
state of rest. 

Hydraulics is that part of the science of fluids which treats 
of water in motion, and the means of raising and conducting 
it in pipes, or oihenvise, for all sorts of purposes. ' 

The subject of water at rest, will first clahn investigation, 
since the laws which regulate its motion will be best under- 
stood by first comprehending those which regulate its pres- 
sure. 

A fluid is a substance whose particles are easily moved 
among each other, as air and water. 

Wluch perftrnn the greatest labor, lea men who lift a weig ht with llteir 
luuida, oi one nun who doee the «uiie with ten puUeji 1 W^l Whatii 
hydioAatk» 't Bow doea hjdnMliei Mw ficm h;dtiMt(riki 1 WW b a &iu] 1 
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' The air is caHed an elastic £luid'j|'becsuse it is easily com- 
. pressed into a smaller bulk, and r^ume again to its ori^nal 
state when the pressure is removed. ' Water is niUed a non- 
elastic fluid, because it admits of little diminution of bulk 
under pressure. 

/The non-elaslic fluids, are perhaps more properly called 
Uauids, but both terms are employed to signify water and 
other bodies posseBsine its mechanical properties. ' The term 
fluid, when applied to the air, has the word elastic before it. 

One of the most obviovs properties of fluids, is the lacilify 
with which they yield to the impressions of other bodies, and 
the rapidity with which they recover their former slate, when 
the pressure is removed.- The cause of this, is apparently 
the freedom with which the particles of liquids slide over, or 
amone each otiier ; their cohesive attraction bein^ so slight 
as to De overcome by the least impression. / On this want of 
cohesion among their particles seem to depend the peculiar 
miechanical properties of these bodies. / 

In solids, there is such a connexion between the particles, 
that if one part moves, the other part must move also. But 
in fluids, one portion of the mass may be in motion, while the 
other is at rest. / In solids, the pressure is always downwards, 
or towards the centre of the earth's gravity ; hut in fluids the 
particles seem to act on each other as wedges, and hence, 
when confined, the pressure is sideways, and even upwards, 
as well as downwards. ' 
Kg. 77. Water has commonly been called a non-elastic sub- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved to be 
elastic. The most decisive eicperiments on this sub- 
ject were made within a few years by Mr. Perkins. 
The experiments were made by means of a hollow 
Ja, cylinder, fig. 77, which was closed at the bottom, and 
made water tight at the top, by a cap, screwed on. 
Through this cap at a, passed the rod 6, which was 
five aiileenths of an inch in diameter. The rod was 
so nicely fitted to the cap, as also to be water tight 
Around the rod at c, there was placed a flexible rmg, 
which could be easily pushed up or down, but fitted so 
closely as to remain on any part where it was placed 

WliBt IB an elastic fluidl Why U dj called an elaKic fluidl What 
rabfltances are called liqiiida % What is one of the most obvioiu pnipcrtJei 
of tiquidsl On whatdo the pecDliu mechamcal propertieB of fluUa depend 1 
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A canDon of sufficient size to receire this cylinder, which 
was three inchea in diameter, was furnished with a strong 
cap and fornnB; pump, and set verticajly into the ground. The 
cannon and cylinder were next filled with water, and the cylin- 
der, with ils rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. The 
water in the cannon was then ^uttjected to an inimenae pres- 
sure by means of the forcing pump, afler which, on examina- 
tion oi"^ the apparatus, it was found that the ring c, instead of 
being where it was placed, was eight inches up the rod. The 
water in the cylinder being compressed into a smaller space, 
by the pressure of that in the cannon, the rod was driven in, 
while under pressure, but was forced out again by the expan- 
- sion of Ae water, when the pressure ivas remoTed. Thus the 
ring on the rod would indicate tiie distance to which it had 
been forced in, during the greatest pressure. 

This experiment proved that water under the pressure of 
one thousand atmospheres, that is, the weiglit of 15000 pounds 
to the square inch, was reduced in bulk about one part in 
24. 

So slight a degree of elasticity under such immense pres* 
sure, is nut appreciable under ordinary circumstances, and 
therefore in practice, or in common experiments on diis fluid, 
water is considered as non-elaslic. 

Equal pressure of Water. 

Tlie particles of water, and other fluids. When confined, 
press on the vessel which cxtnlines them, in all directions, both 
upwards, downwards, and sideways, 

From this ^iroperty of fluids, together with their weight, oi 
.gravity, very unexpected and surprising effects are proanced 

Tile efiect of this properly, which we shall first examine, is, 
that a quantity of water, however small, will balance another 
quantity however large. Such a proposition at first thought 
might seem very improbable. But on examination, we shall 
find that an experiment Willi a very simple apparatus '" 



In what respect, does the pressure of n fluid cMcr {torn that of a adHHt 
la water aji elastic, or a jion-elniStK fluid 1 Descrilie fig. 77, and show h{iw 
wat«rwDs found to be elastic. In what proportion does the 'bulk of water 
dituinish under a prcj^uro of 15U00 poundBto the Bqnaie inch 1 In common 
experiments, is water ooneidered elastic, or non-etao&l When water u 
contiiief). ID wbat diiection does it pre<s7 
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Fig, 78, represenla 
supposed to ae filled up U 
wiui a decoction of coffee, or any other 



Vif.TB. 

^^~WgMy liquid. The coffee, we know, stands exactly 

^^^^Hr at the same height, both in the body of the 

^9^V^ pot, and in its apout. therefore, the small 

^^^H quantity in the spout, balances the large 

quantity in the po^ or presses with the same 

force downwards, as that in the body of the pot presses up- 

wanjs. This is obviously true, otherwise, the large quantity 

Tonld sink below the dotted line, whUe that in the spout would 

rise above it, and run over. 

Rg. 73. The same principle is more strikingly 

illustrated by fig. 79. 

J Suppose the cistern a to be capable of 
_ jI holding one hundred gallons, and into its 
bottom there be fitted the tube b, bent, as 
seen in the figure, and capable of contain- 
ing one gallon. The top of the astern, 
and that of the tube being open, pour wa- 
ter into the tube at c, and it will rise vp 

i procpSB be continued, 
the cistern will be filled by pouring water 
iLta the tube. Now, it is plain that the gallon of water in the 
tube, presses against the hundred gallons in the cistern with a 
force equal to flie pressure of the hundred ^Uons, otherwise 
that in the tube would be forced upwards higher than that in 
the cistern, whereas, we find that the surfaces of both stand 
exactly at the same height 

From these experiments we learn, "that tJte pressure of a 
fiuid is not in proportion to its quantity, but to its height, and 
that a large quantity of leater in an open vessel, presses 
davmwards loith no more foTce, than a small quaidity of the 
same height." 

In thifl respect, the size or shape of a vessel is of no conse- 
quence, for if a number of vessels, differing entirely from each 
other in figure, position, and capacity, have a communication 
made between taemt and one be filled with water, the snr- 

Eow does the eiperinicnt with the cofTfe-pot. eliow that a Bmall qmuility 
i^G^aid vfUL balance a large one 1 Explain fig. 79, and show how the prCBs- 
nre m the tnbe ii equal lo the presmirB in the ciatcrQ. What conclugion, or 
genenl tnith, i» to be drawn frHn thtse experiments 1 What dWecence Aim 
toe iha.pe or sob of a laael male in respect lo the presnue of a fluid on iu 
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face of the fluid, in all, will be at exactly the aame eleration. 
If, therefore, the water stands at aa equal height in all, the 
pressure in one must be iuet equal to that in another, and flo 
equal to that in all the otners. 

Fig. 80. 



/ W/ 




To make this obvious, suppose a number of vessels, of dif- 
ferent shapes and sizes, as represented by fig. 80, to have a 
communication between them, by means of a small tube, pass- 
ing from the one to the other. I( now, one of these vessels 
be filled with water, or if water be poured into the tube a, all 
the other vessels will be filled, at Uie same instant, up to the 
line b, c. Therefore, the pressure of the water in a, balances 
that in ], 2,3, Am%, while the pressure in each of these vessels, 
is equal to that in the other, and so an equilibrium is produced . 
throughout the whole series. 

If an ounce of waifir be poured into the tube a, it will-pro- 
duce a pressure on the contents of all the other vessels, equal 
to the pressure of all the others on the tube ; for, it will force 
the water in all the other vessels to rise upwards to eya equal 
height with that in the tube itseld Hence we must conclude, 
that the pressure in each vessel, is not only equal to that in 
any of the others, but also that the pressure in any one, ia 
equal to that in all the others. 

From this we learn, that the shape or size of a vessel has 
no influence on the pressure of its liquid contents, but that the 
pressure of water is as its height, whether the quantity be 
great or small. We learn also, that in no case wUI the weight 
of a quantity of liquid, however large, force another quantity, 
however small, above the level of iU own surface. 

Exjdam %. 80, and ehon how the equffibiimn is prodnoed, SnppoaD ui 
ounce of water be poured bto the tube a, what will be it* e&et on UW ««^ 
toils oftheotheiTesKb') What conctiuioniilotie drawn bmapomingtlis 
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This is proved by experiment ; for it, from a pond silu&ted 
on a mountaiii, water be conveyed in an inch tube to the valley 
an hundred feet below, the water will rise juat a hundred feet 
in the tube ; that is, exactly to the level of the surface of the 
pond. Thus the water in the pond, and tliat in the tube, press 
equally ag;ainst each other, and produce an exact equilibrium. 
Thus far we have considered the fluid as acting only in ves- 
sels with open mouths, and therefore at liberty to seek ita ba- 
Jance, or equilibrium by its own prayity. Its pressure, we 
have seen, ia in proportion to its height, and not to its bulk. 

Now, by other experiments it is ascertained that the pres- 
eure of a liquid is in proportion to its height, and its area at 
thebtMC 

Fig. 81. Suppose a vessel ten feet high, and 

two feet in diameter, such as is repre* 
seated at a, Rg. SI, to be filled wiUi 
water; there would be a certain amount 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but only 
a foot high, and closed at the top. 
Now if a small tube, say the fourth oi 
an inch in diameter, be inserted into 
the cover of the vessel d, and this tube 
be carried to the height of the vessel 
a, and then the vessel and tube befill- 
iL ed with water, the pressure on the bot- 

p^^ (f toms and sides of both vessels to the 

^- ' ' ' same height will be equal, and jeta of 

water starting from d, and c, will have exactly the same force. 
This might at first seem improbable, but to convince our- 
selves of its truth, we have only to consider that any impres- 
sion made on one pordon of the confined fluid in the vessel 
d, is instantly communicated to the whole mass. Therefore, 
the water in the tube b presses with the same force on every 
other portion of the water ind, as it does on that small portion 
over which it stands. 
This principle is illustrated in a very striking manner by 

What U the reuon that a lum qumtltj of WBter niB not fbtce a anuill 
qiwnlilj aboTd its onn levd 1 Ih tha tbice of w^er in proportion to its 
hdgfat, or its qnantllj 1 How la & amall quanCiC; of water ahowD to prejs 
equal loala^ qjuaititj bj B^. 81 1 Eiplaiii die nason whj the fsaMUM 
Haapcat at d, aaatr. 



D,mi,.=db,Gooylc 



98 HTDROSTATICS. 

the experiment, which has often been made, of bursting the 
■trongest wine cask with a few ounces of water. 

ng. 82, Suppose 0, fig. 82, to be a strong cask akeady 

n filled with water, and suppose the tube h, thirty 

feet high, to be screwed, water tight, into its 
head. When water is poured into the tube, so 
as to till it gradually, the cask will show increati 
ing signs of pressure, by emitting' the' water 
through the pores of the wood, and netween the 
joints : and finally as the tube is £]]ed, the cask 
will burst asunder. 

The aaine apparatus will serve to illuslrate the 
upward pressure of water ; for if a small slop- 
cock be fitted to the upper head, on turning this, 
when the tube is filled, a jet of water will spirt 
up with a force, and to a height that will aston* 
fcB„ygi isti all who never before saw such an experi 
Q 1 y ment. 

^^^^ In theory, the water will Bpout to the same 

^^^^ height with that which gives the pressure, but in 
practice, it is found to fall short, in the following proportions: 
If the tube be twenty feet high, and the oriSce for the jet 
half an inch in diameter, the water will spout nearly nineteen 
feet. If the tube be fifty feet high, the jet will rise upwards 
of forty feel, and if an hundred leet, it will rise above eighty 
feet. It is understood in every fase, that the tubes are to he 
kept fill! of water. 

The height of these jets shpw the astonishing efiects that a 
small quantity of fluid product when pressing from a perpen- 
dicular elevation. 

^ An instrument called the hydrostatic bellows, also shows 
'in a striking manner, the great force of a small quantity of 
water, preasmg in a perpendicular direction. 

This instrument consists of two boards, connected together 
with strong leather, in the manner of the common bellows. 
It is then furnished with a tube a, fig. 83, ivhich communi- 
cates between the two boards. A person standing on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

How ia the eiaae principle illnstittled by fig. 83 1 How is the iqrawd 
pnesoir of watec illuetriitcil by the B&me apparatUB ? IjDiIeT (he pKssnre ol 
a. column of nater twenty feet high, what will be the height of the jetl 
Unkr a pieanue of ahuodredfe^, bow high will it linl ,' 
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^ ^ equal to a tbousaiulth part of the area 

of the top of the bellows, ooe ounce of 
water in the tube will balaDce a ^oiw 
■and ouncea placed on the bellowe. 

Tbb property of water waa applied 
b^ Mr. Bramah to the construction of 
his hydraulic press. But instead of a 
high lube of water, which in most cases 
could not be readily ijbtained, he sub- 
stituted a strong forcing pump, and in- 
stead of the leather bellows, a metallic 
pump barrel, and piston. 

This arrangement will be understood 
by fig. 84, where the pump barrel, a, h, 
ia represented as diriued lengthwise, in 
order to show the inside. The 
piston, c, is fitted so accurately 
t to the barrel, as to work up and 

down water tight; both barre. 
and [ibton being made of iron. 
The thing to be broken, or 
pressed, is laid on the flat sur- 
face, 1, there being above this, 
a strong frame to meet the 

gressure, not shown in the 
enre. The small forcing piunp, 
of which d ia the piston, and A 
the lever by which it is worked, is also made of iron. 

Now, suppose the space between the small piston and the 
large one, at w, to be filled with water, then, on forcing down 
the small piston, A, there will be a pressure against the large 
pbton, c, uie whole force of which will be in proportion as tne 
apertive in which c works, is greater than that in which d 
works. If the piston, d, is half an inch in diameter, and the 
piston, c, one foot in diameter, then the pressure on c will be 
576 times greater than that on d. Therefore, if we suppose 
' the pressure of the small piston to be one too, the large piston 
will be forced up against any resistance, with a pressure equal 

What ia the hydroBtatiG bellows 1 Wha t pro pCTty of water ia thfa inatni- 
mmt designed to show 1 Eipl&ln % 84. Where b the pnton T Wbich ifl 
tbepuiup barrel, in which it iTorkaT In the bydroBtadc presi, what is tbs 
ps^artion between the pmBuregneDb; the BiuO[iilon, utd the Ibice ex- 
RtM on the huge Duel 
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10 the wo^t vf 676 Iodb. It would be eaay for a Ringle man 
to 'give the pnaaiae of a ton at d, by means of the lerer, and 
ifaerefore a man, with this engine, would be able to exett a 
force equal to the weight of near 600 ions. 

It is evident, that the force to be obtained by this princi]>le, 
can only be liimted by the strength of the materials of which 
the en^e is made. Thus, if a preunire of two tons be ^iren 
to a piston, the diameter of which is only a quarter of an inch, 
die (oroe transmitted to the other piston, if three feet in dia- 
meter, would be upwards of 40,000 tone ; but such a force is 
much too great for the Btreugth of any material with which 
we are acquainted. 

A small quantity of water, extending to a great eleTation, 
would give the pressure abore described, it being only for the 
sake of couTcnience, that the forcing pump is employed, in- 
stead of a oolumn of water. 

There is no doubt, but in the operations of nature, great 
effects are sometimes produced among mountains, by a. small 
quantity of water findiiig ita way to a reserroir in the crerices 
of the rocks far beneath. 

Fig. 85. Suppose, in 

the interior ot 




^ ' sides ; and sup- 

^^ ^~^-* pose that in the 

course of time, a small fissure, no more than an inch in dia- 
meter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservnir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

What is the eslima»Ed force which ■ m»n could ^ve by ona of thew en- 
sines 1 ir the pressnn of two long be mide on a puton of ft quuter oT an 
faieh in diunet«r, wbat wilt be the force tiuumitted to the other {iston of 
three feet In diuoetsil WbUia nidofthe preanueofwaletiD thacaciicea 
of mooutdiB, aol the cantw^aeoceil 
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Water Level. 
We ^Te Been, that in whatever situation water ia placed, it 
always tends to seek a level. Thus, if several vessels com- 
mumcating with each other be filled with water, the fluid will 
be at the same height in all, and the level will be indicated by 
a straight line drawn through all the vessele, as in fig. 80. 

It ia on the principle of fliia tendency, that the Utile instru- 
ment caDed the water level is constructed. 

Fig- 8& The form of this instru 

ment is represented by fig. 
88. It consists of a, i, a 
tube, with its two ends 
turned at right angles, and 
left open. Into one of the 
ends is poured water or mercury, until the fluid rises a little 
in the angles of the tube. On the surface of the fluid, at 
each end, are then placed small floats, carrying upright frames, 
across which are drawn small wires or hairs, as seen at c and 
d. These hairs are called the sights, and are across the line 
of the tube. 

It is obvious that this instrument will always indicate a le- 
vel, when the floats are at the same height, in respect to each 
other, and not in respect to their comparative heights in the 
ends of the tube, for if one end of tne instrument be held 
lower than the other, still the floats must always be at the same 
heighL To use this level, therefore, we have only to bring the 
two eights, BO that one will range with the other ; and on pla- 
cing the eye at c, and looking Cowards d, this is determined in 
a moment. 

This level is indiflpensable in the conBtruction of canals and 
aqueducts, since the engineer depends entirely on it, to ascer- 
tain whether the water can be carried over a given hill or 
mountain. 

Fig. 87. The common spirit level consists of 

^ a glass tube, fig. 87, filled with spirit of 

^ wine, excepting a small space in which 
there is lefl a bubble of air. This 
bubble, when the instrument is laid on 



On whu pnnciple U the water-leie) coostmcted} Deaciibe the nwiniw 
in wbkh the level with agbta ia Dsed, and the Teason wli; the floati will *1- 
vraja be at the eame h^xht. What is tbe nseof the bmd tttaedbe th» 
eonmioa tpinl level, audtlie mMbod of ndug k. 
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& lerel surface, will be exactly in the middle of Ihs OAe, and 
Aerefore to ftdjnst a lerel, it fa only neecMaiy to bring die 
bubble to this poeiticHi. 

The glass tube is enclosed in a biase case, which is cut out 
on the upper eide, so that the bubble may be seen, as repre- 
sented in the figure. 

This instnonent is employed by builders to level their work, 
and is highly convenient for that purpose, since it is only ne- 
ceasary to lay it on a beam to try its levd. 

Specific Gravity. 
If a tumbler be filled with water to the brim, and an egg, or 
any other heavy solid, be dropped into it, a quantity of the 
flnid, exactlr equal to the size of the egg, or other solid, will 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

Now, it is found, by experiment, that when any solid sub- 
stance sinks in water, it loses, while in the fluid, a portion of 
its weight, just ei^aal to Ihe weight of the bulk of water which 
it disp&ces. This is readily made evident by experiment 

Pig- 68- Take a piece of ivory, or 

any other aubatance that will 
sink in water, and weigh it 
accurately in the usual man- 
ner; then suspend it by a 
thread, or hair, in the empQ' 
cup a, fig. 88, and dien ba- 
lance it, as shown in the 
figure. Now pour water into 
the cup, and it wiU be found 
that the suspended bodv will 
lose a part of its weignt, so 
that a cert^ nomber of eruns must be taken from the oppo- 
site scale, in order to make the scales balance as before the 
water was poured in. The number of grains taken from the 
opposite scale, s^ow the weight of a quantity of water equal 
to the bulk of the body so suspended. 

When a soLid U neighed in water, why doea it lose a part of iti najgbt " 
B.OV much leas will s cutnc inch of soy Eabstance weigh in water Iban in 
air % Hon is it prDrei] bj fig. 89, that a bed; weighs leu in water than in 

air! Whatiitheapecific grarf^ofalKidrl How arc"- 

ofaolidbodiMtakBnl 
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Tt ia on tile prioriple, th^t bodieR wel^ le« in th« vntei, 
Uwn tbey do wnen weired out of it, or in the air, tiiat water 
becomes the means of osceTtoining their specific graTitiea, for 
it is by comparing the weight of a body in the water) willi what 
it weighs ont of it, that ita specific gravity ia determined. 

Thus, suppose a cubic Inch of gold weighs 19 ounces, am) 
on being weighed in crater, weighs only 18 ounces, or loses a 
nineteenth part of its weight, it will prove that gold, bulk for 
bulk, is nineteen times heavier than water, and Aub 19 wauM 
be the specific gravity of gold. And bo if a cube of copper 
weigh 9 ounces in the air, and only 6 ounces in the water, 
then copper, bulk for bulk, is 9 timea as heavy aa water, and 
therefore has a specific gravity of 9. 

If the body weigh less, bulk for bulk, than water, it ia obvi- 
ous that it will not sink in it, and therefore weights must be 
added to the lighter body, to ascertain how much less it weighs 
than water. 

The specific gravity of a body, then, is merely its weisht, 
compared ivith the same bulk of water ; and water is Uius 
made the standard by which the weights of all other bodies 
are compared. 

To take the specific g^vity of a solid which sinks in water, 
first weigh t^e body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread. 
suspend it from the bottom of the scalc-dish, in a vessel of 
water, as represented by fie;. 88. As it weighs less in water, 
weights must be added to the side of the acale where ihe body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difference between the weight of the body in air, and iit 
. water. 

It is obvious, that the greater the specific gravity of the body, 
the less, comparatively^ will be this difference, because each 
- body displaces only its own bulk of water, and some bodies of 
the same bulk, will weigh many times as much as otiiers. 

For example, we will suppose that a piece of platina, weigh- 
ing 33 ounces, will displace an ounce of water, while a piece 
of silver, weighbg 23 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
ceribed, will require one ounce to make the scales balance. 
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while the same weight of ailver will require two onnced foi 
the lame purpoae. The pladna, therefore, bulk for bulk, will 
weigh twice as much aa the eUver, and will have twice aa 
much epecitic gravity, 

Haring noted down the difference between the weight of 
the body in air and in water, as above explained, the specific 
gravity is found by dividing the weight in air, by the lose in 
water. The greater the loss, therefore, the ieaa will be the 
specific gravity, the bulk being the same. 

Thus, in the above exaraple, 22 ounces of platina was sup- 
posed to lose one ounce in water, while 33 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss of 
the philina, is 22 ; and 22 divided by 2, (he loss in the silver, 
ia 1 1 . So that the apecific gravity of platina is 22, while that 
of silver is 11. The specific gravities of these metals, are, 
however, a httle less than here esliraated. [For other methods 
of taking specific gravity, see Chemistry.'] 
Hydrometer. 

The hydrometer is an instrument, by which the specific 
gravities of fluids are ascertained, by the depth to which it 
sinks below their surfaces. 

Suppose a cubic inch of lead loses, when weighed in water, 
353 grains, and when weighed in alcohol, onfy 309 grains, 
then, according to the' principle already recited, a culjic uich 
of water actually weigns 353, and a cubic inch of alcohol 
209 grains, for when a body is weighed in a fluid, it loses just 
the weight of the fluid it displaces. 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by ascertaining 
what a given bulk of any substance weighs in water, and then 
what it weighs in any other fluid, the comparatiFe weight of 
water and this fluid will be known. For it, as is the above 
example, a certain bulk of water weighs 253 grains, and the 
same bulk of alcohol only 309 grains, then alcohol has a spe- 
cific gravity, nearly one fourth less than water. 

It is on this principle that the hydrometer is constructed. 

aving taken tLe d 

r, by wliat rule is , „ , 

and ahow how the difference between the specife gntvitiM of pUliiu md ntver 
U ascertained. What is the h jdrometer f SuppoaeaeobiciiM^ofU^nib- 
■tai>ce wci^ha 353 {[nimi lese in water thiin io air, what k Ae actual weigilJ 
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It ifl composed of s hoHow ball of glasB, or nietal, wtUi a gra< 
dnsted sraJe liung from its upper part, and a weight on its 
under part, wliich aeires to batence it in the fluid. 

Such an inatrument is represented by fig> 
89, of which & is the graduated ecale, and a 
the weight, the hollow ball being IietweeD 
them. 

To prepare this instrument for use, weights, 
in ?rams, or half grains, are put into the Uttle 
ball a, until the scale is carried down, so that 
a certain mark on it coincides exactly with the 
surface of the water. This marit then becomes 
the standard of compsrisun between water and 
any other liquid, in which the hydrometer is 
placed. If plunged into a fluid Uehter than 
water, it will sinK, and consequently the fluid 
will rise higher on the scale. If the fluid is 

heavier than water, the scale will rise aboTc 

the surface in proportion, and thus it is ascertained, in a mo- 
ment, whedier any fluid has a greater or less specific gravity 
than water. 

To know precisely how much the fluid varies from the stand- 
ard, the scale is maraed off into degrees, which indicate grains 
by weight, so that it is ascertained, very exactly, how much 
the speciflc gravity of one fluid differs from that of another. 

Water, being the standard by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison,andis therefore 1,10, 100, orlOOO, the ciphers bein^ 
tidded whenever there are fractional parts expressing the specii 
fie gravih' of the body. It is always understood, therefore, that 
the specific gravi^ of wttter is 1, and when it is said a bo^ 
has a specific gravity of 2, it is only meant, that such a bod^ 
is, bulk for biflk, twice as heavy as water. If the substance is 
lighter than water, it has a specific gravity of 0, with a frac- 
tional part. Thus slcohol has a specific gravi^ of 0,609, that 
is 809, water being 1000. 



How b this inctnunent fbrmed 1 How k the hjdrametarprepuedibrtue't 
idow u it knonn, b; thia instnimmt, whether the fluid in fighter or heavier 
Ihentrateil What is the Btundwd by which the weighu of odier bodiei an 
oompuedl What is the specific m.nty of mlerl "When it is said ttrat 
the specific gcataty of a body is 3^ oi 4, whU tneuuug ii mtsoded to b* 
Mnvavedl 
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By means of this instnunent, it can be told with great accu- 
racy how much water has been added to HpititA, for the great' 
er Uie quantity of water, the higher will the scale rise above 
the surface. 

The adulteration of milk with water, can also be readUy 
detected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very limall quantity of water mixed with 
it would be indicated by the instrument. (See Specific Gravi- 
ty in Chemistry.) 

7%e Syphon, 
Take a tube, bent like the letter U, hnd having filled it with 
watei, place a linger on each end, and in this slate plunge one 
uf the ends into a vessel of water, so that the end in the water 
shall be a little the highest, then remove the fingers, and the 
liquid will flow out, and continue to do bo, until the vessel is 
exhausted. 

A tube actiw in this manner, is' called a syphon, and is re- 
presented by fig. 80. The reason why the water flows from 
Fig. 90. the end of the tube a, and conse- 

quently ascends through the other 
part, is, that there is a greater weight 
of the fluid from bto a, than from c 
to h, because the perpendicular 
height from 5 to a is the greatest. 
lie weight of the water from bto a 
faUing downwards, by ils gravitj', 
tends to form a vacuum, or void 
space, in that leg of thi tube ; but 
the pressure of the atmospheA on 
the water in the vessel, constantly 
farces the fluid up the other leg of the tube, to fill the void 
space, and thus the stream is continued aa loag as any watei 
remains in the vessel. 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of tne atmo- 
sphere, and therefore its explanation properly belongs to Pneu- 
matics. It is introduced here merely for the purpese of illus- 
trating the phenomena of intermitting springs ; a subject which 
properly belonp to Pneumatics. 

. Alcohol himaapecificgravity of 809; whu, in referencp la thifl,_ ie Ibe qie- 
dfie gravity of wUei 1 In what raumei ia a ■jphon nuuk 1 Eipbin the n>. 
■on why lbs water aicendi thnnigh one 1^ of the tjglSM, MiddacetiA 
^tluuugh the other. 
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Some springfl, sittiftted on the sidea of mouBtainsi flow (or « 
while witn great violence, and then cease entirely. After a 
dme they begin to flow ag^n, and then suddenly stop, as- be- 
fore. TTieHe are called intermitting springs. Among igno- 
rant and snperatitioua people, these Btrange appearances have 
been attributed to witchcraft, or the influence of some super- 
natural power. But an acquaintance wltli the lawa of nature 
will dissipate such ill founded opinions, hy showing that they 
owe their peculiarities to nothing more than natural syplMna, 
easting in the moim tains from whence the water flows. 
Fig, 91. 




Fig. 91 is the section of a mountain and spring, 
how the piinciple of the ayphon operates to produce the eflent 
described. Suppose there is a crevice, or hollow in the rock, 
from a to b, and a narrow fissure leading from it, in the form 
of the syphon b c. The water, from tl^ rills/, e, filUi^ the 
hollow, up to the line ad,it will then discharge itself through 
the syphon, and continue to run until the water is exhausted 
down to the leg of the syphon b, when it will cease. Then 
the water from the rills continuing to run until the hollow is 
again filled up to the same hne, the syphon again begins to 
act, and again discharges the contents of the reservoir as be- 
fore, and thus the spring p, at one moment, flows with great 
violenee, aqd the next moment ceases entirely. 

The hollow, above the Une a d, is supposed not to be filled 
with the water at all, since the syphon begins to act. whenever 
the fluid rises up to the bend d. 

WhUia an intermitting Bpringl How is the phenoaienon oftbeJnlcr- 
ndtting spring ezpUineJ 1 Eiplmn fig. 91, and show the iMKin wbj mcha 
ipring «]U flow, and ccitin lo Bow, nltemat^y. 
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During llie dry leasona of the year, it is obvious, that snch 
a gpriog would cease to flow entirely, and would begin again 
only \vhen the water from the mouDtain filled the cavity 
through the rills. 

Such springs, although not very common, exist in various 
parts of tne world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire, in 
England. The people in the neighborhood, as usual, ascri- 
becTits actions to some sort of witchery, and advised the doctOTt 
in case it did not ebb and flow readily, when he and his friend 
were both present, that one of them should retire, and see . 
what the spring would do, when only the dtherwas present 

HYDRAUUCa 

[t has been stated, that Hydrostatics is that branch of Natu- 
ral Philosophy, which treats of the weight, pressure, and equi- 
librium of fluids, and that Hydraulics lias for its object the 

investigation of the laws which reflate fluids in motion. , 

If the pu{)il has learned the principles on which the pressure 
and equilibrium of fluids depend, as explained under the for- 
mer ardcle, he will now be prepared to understand the laws 
which govern fluids when in motion. 

'The pressure of water downwards, is exactly in the same 
proportion to its height, as is the pressure of solids in the same 
direction. ' 

' Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nine pounds ; then the pressure on the bottom of the vessel 
will be nine pounds/ If another billet of wood be set on this, 
of tlie same dimensions, it will press on its top with the 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on Ibis, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
height the c<Jumn is carried. 

Now the pressure of fluids is exactly in the same proportion; 
and when confined in pipes, itiay be considered as one short 
column set on another, each of which increases the pressurA 
of the lowest, in proportion to their number and height. 

How does the edence of HjilfoetiiticB lUficT fiMm that of HjrdrauIicB 1 Doc* 
the dawnnud prcsBon ofmteidifleiftnm the donnward preBsure of aoli^ 
inpr^dilionl Howie th*doirawHd preaore of natarilliuti&lail 
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Fig. 92. Thofl, notwithBtaoding the lateral preisure of 
fluids, their downward pressure is as their heights. 
This fact will be found of importance in the inVes- 
tiffation of the principles of certain hydraulic ma- 
I cninest u)d we nare therefore endeavoured to im- 
press it on the mind of the pupil by fig. 92. where 
it will be seMi, that if the pressure of three feet <^ 
water be equal to nine pounds on the bottom of 
m the vessel, the pressure of twelve feet will be equal 
to^ thirty-six pounds. 

'The quantity of water which wiU be discharged 
from an orifice of a given size, will be In propor- 
■jtion to the height of the column of water above it, \ 
for the discharge will increase in velocity, in pro- 
portion to the pressure, and the pressure, we have 
already seen, wiU be in a Qzed ratio to the 
heidit 
■• If a vessel, fig. 93, be fil- 

led vritb water, and three 
apertures be made in its side 
at the points a, h, and c, the - 
fluid will be thrown out in 
jets, and will fall towards the 
earth, in the curved lines, a, 
b, and c. The reason why 
these curves differ in shape, 
is, that the fluid is acted on 
by two forces, nam^y, the 
" of the water above 




■pr 

the jet, which produces its velocity forward, and the action of 
gravity, which impels it downward. It therefore obeys the 
same laws that solids do when projected forward, and fails 
down in curved lines, the shapes of which depend <»i their 
relative velocities. ' 

The quantity of water discharged, being in proportion to 
the pressure, that discharged from each orifice will difier in 
quantity according to ^e height of die water above it 

It is fonnd, however, that the velocity with which a vessel 



dcnnwaidsl WbatwillbetbBjaniaitioaof 
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\ ditebtrgee its contents, do«a not deprnd endrely on the pres- 
sure, but in put on the kind of orifice through which the 
Hqnid flom. ' It mi^t be expected, for instance, thkt ■ tin 
Tossel of a ^ven capacity, with an orifice of say an inch in 
diameter dirougfa its side, would part widi its contents sooner 
than another of the same capatity and orifice, whose aide was 
an ineh or two thicli, since the friction through the tin might 
be considered much less than that prestniled by the other 
orifiee. But it has been found by experimenl, that the tin 
Tesseldoesnotpartwithitg contents so soon as another vessel, 
of the same height and size of orifice, from winch the water 
flowed through a short pipe. And, on varying the length of 
these pipes, it is found tlut the most rapid discharge, other 
circumstances bong equal, is through a pipe, whose length 
is twice the diameter of its orifice. Such an aperture ma- 
diarged 82 quarts, in the same time that another vessel of 
tin Without the pipe, discharged 62 quarts. 

This surprising difference is accounted for, by Bup|iosing 
that the cross currents, made by the rushing of the water from 
di&rent directions towards the orifice,- mutually interfere with 
each other, by which the whole is broken, and thrown into 
confusion t^ the sharp edge of the tin, and hence the water 
issues in the form of spray, or of a screw, from such an orifice. 
A short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, ana h 



Friction between solids <uid fluids. 
The rapidity with which water flows through pipes of the 
same diameter, is found to depend much on the nature of 
Iheir internal surfaces. Thus, a lead pipe with a smooth aper- 
ture, under the stone circumstances, will convey much more 
water than one of wood, where the surface is rough, or bcBet 
wiUi points. In pipes, even where the surface is as smooth as 

Wlut two fcrca itct npoo tbe Biud as il i> discharaed, tnA how do diew 
tvtofu praduee I coned Bnet Don the mlcdt; with nhii^ aBaiil [>£•■ 
ahsTged,dcipeDd entile^ on CbepreMoral Whet oicumKuio^ iKcidn raw 
■nn, &dlit)ites the diaclutfge of water from sn orifice 1 In a tab* dilcEu^ 
'mg vnba with the g maM st Tdodtr, what ■■ the [n^NHtion between tts & 
ssetarsMlitelei^l Wlutisn»pi(ipartiNibetw«entheqiiaMltr<rfMd 
dhBhMgJthwugh«i>i>iUM<rfiin,inJthwriiaehDrt tfa»1 Bi^piMBa 
lead ad^a riwi tnbB, of the MiM dbnMw, lAjdi wffl diSMi Os vMte« 
^MOlb; of fiqnid tn tliB nne Une 1 
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glut, -Aim is ttOi conaidenMe frktloii, for in all cawa the 

irater is foond to pass more nu>iiUf ia th« middle of die stream 
Ibxa it does on tbe ontmde, wnef e it rubs against the sides of 
ike tube. 

The sudden turns, or Bnsles of a p^e, are &]so found to be 
« considerable obstacle to ue rapid conveyance of the water, 
I lor such angles throw the fluid into eddies or currents, by 
which its velocity is arrested.' 

In practice, therefore, sudden turns are generally avoided, 
and wnere,it is necessary that the pipe should change its direc- 
tion, it is done by means of as large a circle as convenient. 

Where it ia proposed to convey a certain quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually delivered, un- 
less the en^neer takes into account the friction, and the turn- 
ings of the pipes, and makes large allowances for these cir- 
cumstances. If the (Juantity to be actually delivered onght to 
fill a two inch pipe, one of three inches will not be too great 
an allowance, if the water is to be conveyed to any consider- 
able distance. 

In practice, it will be found that a pipe of two inches in 
diameter, one hundred feet long, will discharge about five 
|times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difference 
is accounted for, by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distance irom (heir in- 
ner snrfaces, sod consequently, dial the effect of iMs cause ia 
mu^ greater in proportion, in the small tube, than in the 
large one. 

The effect of friction, in retarding the motion of fluids ia 
perpetuallv illustrated in the flowing of rivers and brooks. 
On the side of a river, the water, especially where it is shal- 
low, is nearly still, while in the middle of the stream it may 
run at the rate of five or six miles an hour. iFor the same rea- 
son, (he water at the bottoms of rivers b much less rapid than 
at the surbce. This is often proved by the oblique poeitioa 
of floating substances, which m still water would assume a 
vertical diraction. 

WhTwin the glaH tube delivEr moat 1 Wlwt ia nid of the wddoi tnm- 
insi of s tube in retaidine the modim of the flmd 1 How nrach mote wtia 
wul a two inch tube of a Dundred feet long din^ugt, tbaji a one inch tuba 
of Ow HOW tength 1 How a thia diSeience ■cctRinled tor 1 How do riWfS 
idunr Ae sfiecl of fHction in retaidliis tba molioB of thNT walcn 1 
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~ Thus, suppose die stick of wood e, fig. 

94t to be loaded at one end with leul, of 
the same diameter u the wood, so as to 
make it stand upright in stil] water. In 
the cairent of a nver, where the lower 
end neorlf reaches the bottom, it will in- 
cUne as in the figure, because the water 
^ is more Ta[»d towards the surface than st 

the hottom, and hence ihe tendency of 
the upper end to more faster than the Fowl- 
er one, gives it an inclination forward. ' 
Machines for raising water. 
The common pump, though a hydraulic machine, depends 
on the pressure of the atmosphere for its cffect,and therefore its 
explanation comes properlyunder the article Pneumatics, where 
the consequences of atmospheric pressure will be illuatraled. 
Such machines only, as raise water without the assistance 
of the atmosphere, come properly under the present article. 
Among' these, one of the most curious, as well as ancient 
machines, is the screw of Archimedes, and which was invent- 
ed by that celebrated philosopher, two hundred years before 
Ihe Christian era, and then employed for raising water and 
draining land in Egypt 

Fig. 96. 



In consi~ts of a lar^e tube, fig. 95, coiled arotmd a shad 
of wood to luep It in place, and give it support. Both ends of 

Eiplain fig 94 Who a sud to have been the iiiTentor of ArchimeiW 
■crewl Eiplam this macbne, u repreavnled in Gg. 95, and show how tha 
water is derated h; tordng it. 
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the tube are opot, the lov^ one being dipped inlo the wfttw 
to be rased, and the upper one di^ehfu-giug it in an intennit- 
tine stream. The aha» turns on a support ^t eaoh endi that 
atuie npper end being seen at a, the lower one being tdd by 
the water. As the machine now stands, the lower bend o{ 
the screw ia filled with water, since it ia below the surbce c, d. 
On turning it by the handle, jtohl left to right, that part of 
the screw now filled with water will riee above the surface c, d, 
and the water baring no place to escape, falls into the next 
lowest part of the screw at e. At the nest revolution, that 
portion which, during the last was at e, will be elevated to g, for 
the lowest bend will receive another supply, which in the mean 
time will be transferred to e, and thus by a continuance of this 
motion, the water is finally elevated to the discharging orifice p. 
frhis principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
with one end in a dish of water, as shown in the figure. 

F%. 96. Instead of &is method, water was some- 

times raised by the ancients, by means of a 
tl rope, or bundle of ropes, as shown at fig. 

This mode illusbstes in a very striking 
manner the force of friction between a solid 
and fluid, for it was by this force alone, 
that the water was supported and elevated. 
The large wheel a, is supposed to stand 
over the well, and i, a smaller wheel, is 
filed in the water. The rope ia extended 
between the two wheels, and rises on one 
side in a perpendicular direction. On inrn- 
ing the wheel by the crank i, the water is 
brought up by the friction of the rope, and 
' (ailing into a reservoir at the bottom of the 
e which supports the wheel, ia discharged at the spoat d. 
It is evident uut the motion of the wheel, and consequently 
that of the rope, must he very rapid, in order to raise any con- 
siderable quantity of water by this method. But when the 
upward velocity of the rope is eight or ten feet per second, a 
larjie quantity of water may be elevated to a considerable 
h«ght bv thia machine. 

For tne difierent modes of applying water a# a power for 
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driving milb, and other useful purposes, we must refer ihe 
reader to works on practical mechanics. There is, however, 
one method of turDinff machinery bv water, invented by Or 
Barker, which is strictly a philosophical, and at the same time 
a most curious inrendon, and therefore is properly introduced 
here. 

Thia machine is called Barker's 
centrifugal mill, and such parts of it 
as are necessary to aoderstand the 
principle on which it acts are rej>- 
reaented by fig. 97. 

The upright cylinder a, is a tube 
which has a funnel .shaped mouth, 
for the admission of the stream of 
water from the pipe 6. This tube is 
six or eight inches in diameter, and 
may be uom ten to twenty feet long. 
The arms n and o, are also tubes 
;ommunicating freely with the up- 
right one, from the opposite sides of 
which they proceed. The shaft d, 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing left for the water to pass to the 
arms o and n. The lower part of 
the tube is solid, and turns on a point 
resting on the block of stone or iron, c. The arms are closed 
at their ends, near which there are orifices on the sides op- 
posite to eacli other, so that the water spouting from them, 
will fly in opposite directions. The stream from the pipe b, 
is regulated by a stopcock, so as to keep the tube a constantly 
full without overflowing. 

To set this engine in motion, suppose the upright tube to 
be filled with water, and the arms n and o, lo Be ^vea a 
slight impulse ; the pressure of the water from the perpendi- 
cular column in the large tube will give the fluid a velocity ol 
discharge at the ends of the arms proportionate to its height. 
The reaction that is produced by the flowing of the water on 
the points behind the discharging oriflce, will continue, 
_«.! !„™_n~_., .1... — '"tory motion thus begun. After a 
ichine will receive an additional im- 
1 the arms, and 




and increase titu 

few revolutions, the i 

pulse by the centrifugal force generated i 



Wbat is Gg. 97 intended to nproentl Descnbe this milL 
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in Gonseqiience of tfaia, a much more violent and rapid dis- 
charge of the water takes place, than would occur by me pres- 
■ure of that in the upright tube alone. The centrifu^ force 
and the force of die disdiarse thus actinz at the same time, and 
each increasiiig the force of the odier, mis machine reTolves 
with great velocity and proportionate power. The friction 
which it has to overcome, wnen compared with that of other 
machines, is very slight, being chieiiy at the point c, where 
the weight of the upnght tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery reqtnred. 

Where the quantity of water is small, but its'faeight consi- 
derable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerful en- 
gines ever invented. 



PNEUMATICS. 

The term Pneumatics is derived from the Greek pneuma, 
which signifies breath, or air./ It is that science which investi- 
gates the mechanical propertlls of air, and other elastic fluids, jf 

Under the article hydraulics, it was stated that fluids were 
of two kinds, namely, elastic and non-elastic, and that air and 
the gases belonged lo the first kind, while water and other 
liquids belonged to the second. 

y The atmosphere which surroimds the earth, and in whii^ 
we Uve, and a portion of which we take into our lungs at eve- 
ry breath, is called air^while the artificial products which 
possess the same mechanical properties, are called eases, f 

When, therefore, the word aiT is used, in what follows, it 
wilt be understood lo mean the atmosphere which we breathe. 

Every hollow, crevice, or pore, in solid bodies not filled 
with a liquid, or some other substance, appears to be filled 
with air : thus, a tube of any length, the bore of which is as 
small as it can be made, if kept open, will be filled with air ; 
and hence, when it is said that a vessel is filled with air^it is 
only meant that the vessel is in its ordinary stale.; Indeed, this ■ 
fluid finds its way into the most minute pores of all substances, 
and cannot be expelled and kept out of any vessel, without the 
assistance of the air pump, or some other mechanical means. 

Wh&t ig pneumaliai 1 Whatiaurl Wlutiagul WLat is meant n-ben 
h i> uud that t. Terael is filled ^mtii ur 1 Ii Ihn* uij difficult in expdUi^ 
theurfiamviiMebl 
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/ By die elaaticity of air, U meant its sprinK, or die force 
with which it re-acts when compreised in a gIom TeaseL/' It 
is chiefly in respect to its etastjcity and lightneM, ihat the me- 
chanical properties of air differ from those of water and othei 
lic|uida. 

Elastic fluids difier from each oiber in respect to the per- 
manency of the elastic property. /Thus, steam ia ebatic only 
while its heat ia continued, and on cooling retwns again to 
the form of water. ( 

. Some of the gaaes also, on being strongly compressed, lose 
their elasticity, and take die form of liqulos. I But air difihva 
from these, in being permanently elastic ; thai is, if it be com- 
pressed with ever so much force, aod retained under com- 
pression for any len^h of time, it does not therefore lose ita 
"'"■'■'■''^ "' disposition to regain its former bulk, but always 
re-acEs with a force in proportion to the power by 
which it is compressed. 

Thus, if the strong tube, or barrel, fig, 96, be 
smooth, and equal on the inside, and there be fit- 
ted to it the solid piston, or plus a, so as to woit 
np and down air tight, by the liandte b, the air 
in the barrel may be compressed into a space a 
■ hundred times less |han its usual bulk. Indeed) 
if the vessel he of suflicient strength, and the 
force employed Bufliciently great, its bulk may 
be lessened a thousand times, or in any propor 
tioD, according to the force employed ; and ii 
kept in this slate for years it will regain its for- 
mer bulk the instant the pressure is removed. 
Thus, ii is a general principle in pneumatics, that 
tur is compressible in proportion (o the force employed. 

On the contrary, when the usual pressure of the atmosphere 
is removed from a portion of air, it expands and occupies % 
space larger than before; and it is found by experiment that 
this e ■ ' '- -■-- - "^ ' — -L - — ^- 



s expansion is ii 



s the removal of the pressure is 
~ more or less compieie^r Air also expands or increases in 
bulk when heated. 

I If the stop-cock c, fig. 98, be opened, the piston a. may be 
pushed down with ease, because tne air contamed in the barrel 
will be forced out at the aperture. Suppose the piston to be 

What is meaot by the elutudty of lif 1 How Aaem air diSet fIrotD >teUD, 
andioDie of thegxsea, tn reject to ita elutidtf 1 Don ui kw ib ehat|c 
ftioeb; beiiwkHigooiii)»eaed') In wtiat joi^KiittDn to Ilw fbioe cn^dcijM 
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podiecl down to widiin &n inclt of the bottom, and theii the 
Btop-cock closed) bo that no air can entor below iL Now, on 
drawing the piston up to the top of the barrel, the inch of air 
will expuid and fill the whole apace, and were this nace a 
thoufiand times as larre, it woold atUl be filled with the ex- 
panded air, because uie piston remores the pre^ure of the 
external atmosphere from that within the barrel. / 

It follows, therefore, that the space which a given portion 
of sir occupies, depends entirely on cbcumstances. U.{ it is 
under pressure, its bulk will be diminished in exact prtpOTtion^ 
and as the pressure ia removed, it will expand in proportion, 
ao as to occupy a thouaa&d, or even a million times as mock 
apace aa before. 

Another property which air poasesaee is weight, or gravity. 
This propertir, it is obvious, must be slight, wnen compared 
with the weight of other bodies. But that air has a certain 
degree of gravity, in common with otherponderous substan' 
ces, is proved by direct experiment./ Thus, if the air Ik 
pumped out of a close vessel, and then the vessel be exacdy 
weighed, it will be fnund to weigh more when the air is agmi 
admitted.^ 

It is, however, the weight of the atmosphere which presses 

oil every part of the earth s surface, and in which we live and 

more, aa in an ooean, that here particularly claims our attention. 

Pig. 99. The pressure of the atmosphere may be eaaily 

_ ^ ahown by the tube and piston, fig. 9ft 

' £ Suppose thereisafl orifice to be opened or closed 
^Y the valve b, as the piston a ia moved up or down 
in its barrel. The valve being fastened by a hinge 
on one side, on pushing the piston down, it will 
open by the pressure of the air aeainst it, and the 
air will make its escape. But when the piston is 
at the bottom of the tMirrel, on attempting to rtdae 
it again, towards the top, the valve is closed by the 
W^ force of the external air acting upon it. If, there- 
fore, (he piston be drawn up in thia stale, it must be 
against the pressure of the atmosphere, Uie whole 
weight of which, to an extent equal to die diameter 

In whst [Hnportiaa wiO & qnsntitT ot ail inoiease in balk as the presBnre 
tt temoved from it 1 How ig lliis fllm.trated ly fig. 98 1 On what circiun. 
rtuce, therefbn, will the boBi of a given portion of sir depend 1 Hon a it 
' [mved that air him weight 1 E:qitain in what tnumer the pTCMun of tha 
■tmosphera ia ihowD hj Bg. 99. 
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W dis iMstoB mnst ix UAed, wlule there will rcanin b raeaan 
or roia apaee below it in thie tube. If ifae pigtmi be oidy ihrse 
iodiOH in diameter, it will require the full strength of a man 
to draw it to the top of the barret, and when raleed, if sudden- 
Ir let go, it will be forced back ag^ by the weight o£ the 
air. and will strike the bottom with great violence, t 

Supposing the surface of a man to be equal to |4i square 
feet, and allowing the preaaure on each square inch to be ISlbe.- 
Mich a man would Bustain a pressure on his whtde sur&ctr 
oqual to nearly 14 tons. 

Now, that it is ^le weight of the atmosphere which presses 
fte piston down, is proved by flie fact, WAt if its diameter be 
enlarged, a greater force, in exact proportion, will be required 
10 raise it And further, if when the piston is drawn to the 
top of the tube, a stop-cock, as at fig. 98, be opened, and 
the air admitted under it, die' piston will not be forced 
down in the least, because then the air will press as much on 
the under, as on the upper aide of the piston. 

By accurate experiments, an account of which it is not oe 
cessary here to detail, it is found thet the weight of die at 
mosphere on every inch square of the surface of the earth 
is equal to ftfleen pounds. If, then, a piston worldng air tight 
in a barrel, be drawn up from its bottom, the force employed 
besides the friction, will be just equal to that required to lifl 
the same piston, under ordinary circvunelances, with a wet^il 
!ald on it equal to fifteen poimtb for every square inch of SBf_ 
fiwe. " 

The number of square inches in the surface of s piston ol 
a foot in diameter, is 113. This being multiplied by the 
weight of the air on each inch, which being 15 pounds, is 
eqiul to 1695 pounds. Thus the air constantly presses on 
«ver^Bur&ce, which is equal to the dimensions of a drde one 
foot m diameter, with a weight of 1696 pounds. 
Air Pump. 

The'.otV pump is an engine by which the air can be pump- 
ed out of a vessel, or withdrawn from iti , The vessel so ex 

Whit IB tile CiTce pitaaog on the piikiii when dntwn apwud, aDmetittm 
railed 7 How a it proved that it is tl^ WEwht of the KtmHpheie, instewl at 
MKCion, wMchmaliee the piston riiewith ^icu1t;1 What a the |iiLwiue ei 
Ae Btnuwphere on every oqDue inch of BOifacs en the euth 7 WhU k 
the numbco' of square inchea in a dicle of one foot in diaowleil WtM h 
the waght of the kI " . , . .■ .-._._.._, 
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JiMuted ia called n reeetveriaad^ihe ipace ihea led in the tm- 
ael, after withdrawing the air, ia cailm a. vacuum./ 

The priiiciples on which the air pump is constructed ara 
readily underetood, and are the same in all instruments of this 
kind, though the form of the inetrument itself is often con- 
siderablf modified. 

The general principles of its construction will be compre- 
""-"-sdltj: an explanation of fig. 100. /In this figure let g be 
"" a glass vesBel, or receiver, closed at 

the top, and open at the botton^ 
standiuff on a perfectly smooth sur- 
&ce, which ia called laepiate of the 
air pump<y Through the plate is an 
aperture 0, which eommunicateswidt 
the inside of the receiver, and the 
barrel of the pump. The piston rod 
p works air tiffht tlirough the stuffed 
collar c, and toe piston also movet 
air tight through the barrel. At die 
extremity of ue barrel there is a 
ralve e, which opens outwuds, and 
ia closed with a spring. 
Now suppose the piston to be drawn up to c, it will then 
leave a free commmncation between the receiver g, throuffh 
the orifice a, to the pump barrel, in which the piston worKs. 
Then if the piston be forced down by its handle, it wUl com- 
press the air in the barrel between d and e, and in consequence 
the valve e will be opened, and the air so condensed will be 
forced out. . Qn drawing the piatoa up again, the valve will be 
closed, and the external air not being permitted to enter, « 
vacuum will be formed ip the barrel, from e to a little above d./ 
fWben the piston comes again to c, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush in to fill the vacuum, i 
Thus, there will be less air in the whole space, and conse- 
qnondv in the receiver, than at first, because all that contain- 
ed in tne barrel is forced out at ev«y stroke of the [Jston. 




WTutiatlvurpiimpI What iati 
■ neamnl In fig. 100, wUch ii Hie 
imtoa a p u m a d iottn, nhil (p 
ten !i drawn op, nhkt '" '- — 
ftlhd1rilh«itT 
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On rq>eating the svne proeees, that is, drawiog op and fordsg 
down the piston, the ftu at each time in the receiyer, will be- 



e piston, 
lege and leas in quantity, and, in coneeanence, more atid 
more rarefied. For it most be understood, that although the 
air is exhausted at every stroke of the pump, that which re- 



byitH elasticity expands, and still occupies the whole 
space. The quantity forced out at each succesaive stroke is, 
therefore, diminished, untO, at last, it no longer has sufficient 
force before the piston to open the valve, when the exhausting 
power of the instrument mnsl cease entirely, 
/ Now, it will be obvious, that as the exhausting power of the 
air pump depends on the expansion of the air within it, a per- 
fect vacuum can never be formed by its means/'for so long as 
exhaustion takes place, there must be air to be forced out, and 
when this becomes so rare as not to force open die valves, 
then die proceas must end. 



od air pump has two similar pumping barrels to ihst 



naif die time that it could be performed by one barrcLl 

Fif- 101- ■ The barrels, with their 

pistons, and the usual mode 
of working them, are re- 
presented by fig. 101. The 
piston rods are furnished 
with racks, or teeth, and 
are worked by the toothed 
wheel a, which is turned 
backwards and forwards, 
by the lever and handle 6, 
The exhaustion pipe, c, 
leads to the plate on which 
the receiver stands, as 
shown in fig. 100. The 
valves c, n, k, and to, all 
open upwards. 

To understand how these 

pistons act to exhaust the 

air from die vessel on the plate, through the pipe c, we will 

suppose, that as the two pistons now eland, the handle h a 

IsdMtb paiap capable of prodndng >. periM vacmaal Wl^do eoa» 
niMi ail pnmiM ban mme than om band aaa^MoDl Hoir an tbe (■tons 
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to b«luined towarde the lefu' This wiU raise the piston A, while 

■ the TaJve u wifl be closed by the pressure of the ertemsl air 
acting on it in ihe open barrel in which it wiH'ki. / There 
would then be a Tacuum foimed in this barrel, did not the 

' valve m, open and let in the air coming from the receiver 
through die pipe c. When the piston, therefore, ia at the up- 

' per end of the barrel, the apace between the piston and' the 
valve m, will be filled with the air from the receiver, '■' Nest 
suppose the handle to be moved to the right, the piston A 
will then descend, and compress the air with which the barrel 

' is filled, which, acting agwnst the valve u, forces il open, and 
thus the ail escapej.. Thus it is plain, that every time the 
piston rises, a portion of air, however rarefied, enters the bar- 
rei, and every time that it descends, this portion escapes, and 
mixes with the external atmosphere. 

The action of the other piston is exactly siaiilar to this, 

■ only that B rises while A falls, and ao the contrary./ It will 
' appear, on an inspection of the figure, that the air cannot pass 

from one barrel to the other, for while A is rising, ana the 
valve m ia open, the piston B will be deacendine, so that the 
force of die air in the barrel B, will keep the valve n closed./ 
Many interesting and curious experiments, iUustrating the 
expanubility and pressure of the atmosphere, are shown by 
this instrument 

j' If a withered apple be placed under the receiver, and the 
air is exhausted, Ute apple will swell and become plump, in 
consequence of the expansion of the air which it contains 
wi thin the akin. ^ 

Ether j^ced m the same situation, soon begins to boil with- 
out the influence of heat, because ita particles, not having the 
pressure of the atmosphere to force them together, fiy oflwjtii 
80 much nii»dily aa to produce ebullition. 
The Condenser. 

The operation of tiie condenser is Uie reverse of that of the 
air pump, and is a much more simple machine^ llie air pampr 



While llie [Hitan A Sa ■■(— «T^ng^ nhich nhres wiB be ojca, and wbuh 
sloaed 1 Whrai Ihe pisbHi A ieawaja, what becanes oUbetk with wMdi 
its buTel was filled 1 WhydoMnot AKUTpaafracDonBbainJtothBodwr, 
Ihroogh the tsItcb tn and n1 WV^"" an appls ^soedintlie iT^iF''«n 
tnaumgmw phunpl Why doe* (diei boll m dw Miiie dtoUiNi) How 
■-"^- -■ - -net 

11 
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U m hftve iuat seen, will deprive n vemel of its ordinary 

qtnntity of six. The condenser, on the contrary, will double, 

fig. 109. or treble die ordinaiy quandty of air in a close 

Tesflel, according to me force employed. 

This instrument, fig. 102, consists of a pump 

barrel and piston a, a stop-cock b, and the vessel 

c tumished with a valve opening inwards. The 

orifice d is to admit the air, when the piaton is 

'd, drawn up to the top of the barrel. 

To describe its action, let the piston be above 
d, the orifice being open, and therefore the instrn- 
ment filled with air, of the same density as die 
external atmosphere- Then, on forcing the piston 
down, the air in the pump barrel, below the ori- 
fice d, will be compressed, and will rush through 
the stop-cock h, into the vessel c, where it wiil be 
retained, because, on agaiu moving the piston up- 
ward, the elasticity of the air wUI close the valve 
through which it was forced. On drawing the 
piston up again, another portion of air will rush in 
at the orifice d, ana on fordn^ it down, this will also be dri- 
ven into the vessel c ; and this process may be continued as 
long as sufficient force is applied to move the piston, or there 
is sufficient strength in the vessel to retain the air. When the 
condensaUon is finished, the atop-cock b may be turned, to 
render the confinement of the air more secure. 
I The magazines of air guns are filled in the manner above 
described. The air gun is shaped like other guns, but instead 
of the force of powder, that of air is employed to project the 
bullet. For this purpose, a strong hollow ball of copper, with 
a valve on the inside, is screwed to a condenser, and the air 
is condensed in it, thirty or forty times. This ball or maga* 
zuie is then taken from the condenser, and screwed to ue 
gun, under the lock. By means of the lock, a communication 
IS opened between the magazine and the inside of the gun- 
barrel, on which the spring of the confined air against the 
leaden bullet is such, as to throw it with nearly the same force 
u gun-powder. 
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Fig. 103. Barometer. 

_^ ' Suppose a, fi^. 103, to be a loag tube widi die 

C piston b, 80 nicely fitted lo its innde, aa to vork 

sir tight If the lower end of the tube be dip- 

[led into water, and the piston drawn up by pul- 
ing at the handle c,t)ie water will follow the 
piston so closely as to be in contact with its sur- 
face, and apparently to be drawn up by the pis- 
~ (t ton, as though the whole wag one solid body, 
If the tube be thirty-ive feet long^ the water 
will continue to follow the piston, until it cornea 
to the height of about thirty-three feel^ where it 
■ will stop, and if the piatcn be drawn up still far- 
ther the] water will not follow it, but wlII remain 
stationary, the space from this height, between 
the piston and. the water, being left a void Bpace* 

/ The risiiig of the water in the above case, 
which only involvea the principle of the common 
pump, is thought by some lobe caused by 5U<:h'on| 
"the piston aucking up the water as it is drawn 
I upward. But according to the common notion 
' attached to this term,( there is no reason why the 
water should not continue to rise above the thirty-three feet, or 
why the power of suction should ccMe at that point, rather 
than at ony other./ Without entering into any discusgion on 
the absurd notions concerning the power of suction, it is suffi- 
cient.here to atate, that it has long since been prored, that the 
eleration of tiie water in th^ case above described, depends 
entirely on the weight and pressure of the atmosphere, on that 
portion of the fluid which is on the outside of the tube. J Hence, 
when the piston is drawn up, under circumstances where (he 
air cannot act on the water around the tube, or pump barrel, 
no elevation of the fluid will follow. This will be obvious, 
by the following experiment.1 

SnppOBB tbe tnbe, fig. l(^, tosCandvithitsloweroidin thewater.ondtlie 
fiatoo a to be drawn upward thirty five leet, how fu will the water tbllaw the 
puton '! What will rCTDain in the tube between thepston and the water, 
after tba pieton liees higher than Ibirtj-thFce feet 1 Wbat is commonly anp- 
pooed to make the wat^r rise in aucb caaea ? la tiienr uiy reoaon wSj wo 
mniDn ahoold cease at 33 teed What ig the true cauae of the elevation oT 
UiB water, when the piston, fig. 103, ia drawn iqil 
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Suppose fig. 104, to be the sections, or tulrei of 
two tubes, one within the other, the outer one be- 
ing made entirely close, so as to admit no air, and 
the space between the two being also made air-tight 
at the top. Suppose, also, that the inner tube be- 
ing left open at the lower end, does not reach the 
bottom of the outer tube, and thus that an open space 
be left between the two tubes eveiy where, except 
at their upper ends, where they are fastened toge- 
ther ; and suppose that there is a valve in the piston, 
opening upwards, so as to let the air which it con- 
tains, escape, but which will close on drawing the 
piston upwards. Now let the piston be at o, and 
m this slate pour water through the stop cock, c, 
unUl the inner tube is filled up by the piston, and the 
^ space between the two tubes mled up to die same 
point, and then let the stopcock be closed. If now 
the piston be drawn up to the top of the tube, the 
water will not follow it, as in the case first describ- 
ed ; it will only rise a few inches, in consequence 
of the elasticity of the air above the water, between 
the tubes, and in the space above the water, there 
will be formed a vacuum between the water and 
' thepiston, in the inner tube. 
I The reason wh^ the result of this experiment 
differs from that before described, is, that the outer tube pre- 
vents the pressure of the atmosphere from forcing the water up 
the inner tubeas thepiston rises. Thismaybeinstantlyproveil, 
by opening the stop-cock c, and permitting the wr to press up- 
on the water, when it will be found, that as the air rushes in, 
the water will rise and fill the vacuum, up to the piston/ 

For the same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on the aur'&ce, 
so that no air can press upon the fluid, the piston of the pump 
might be worked in rain, for the water would not, as usuat 
obey its motiom 

It follows, as a certain conclusion from such experiments, 
that when the lower end of a tube is placed in water, and 
the air from within is removed by drawing up the piston, that 

Howbit shown b^£g. 104, that it U thepressuraof the atmoaphere which 
causes the walei' to tiae in Ihe pump banel 1 Suppose the ke prereuta tha 
Btmoaphere from pressing on the water ia b lewel, can the water be pump- 
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it is the preMore of the atmoaphere, on the water around the 
'ttibe, vhieh forces the fluid up to fill the space, thus left by the 
ur.j It is ^Ro proved, thatthe weight, orpressureof iheabnoa- 
phere, is equal to the weight of a perpendicular colunm of water 
33 feet high, for it is found (fig. 103,) that the pressure of the 
atmosphere will not raise the water more than 33 feet, though 
a perfect Tacuum be formed to any height above this pointJ 
\ E^eriments on other fluids, prove that this is the weight of 
the atmosphere, for if the end of a tube be dipped in any fluid, 
and the air be removed from the tube, above the fluid, it will 
rise to a greater or less height, than water, in proportion as 
its specific gravity is less or greater than that of wateit 

Mercury, or quicksilver, has a specific gravity of about 13i 
times greater than that of water, and mercury is found to rise 
■ about 38 inches I in a tube under the same circumstances that 
water rises 33 feet. Now 33 feet is 396 inches, which, being 
divided by 29, gives nearly 13i, so that mercuiy being 13* 
times heavier than water, Uie water will rise under the same 
pressure 13* times higher than the mercury. 
Barometer. 
TheJaroTTiefer is constructed on the principle of atmospheric 
Kg. 105. pressure, which we have thus endeavoured to 
explain and illustrate to common comprehen- 
sion. This term is compounded of two Greek 
words, baros, weight, and metnm, measure, the 
I instrument being designed to measure the 
weight of the atmosphere. I 

Its constmction is simple, and easily, under- 
* stood, being merely a tube of glass nearly fill- 
ed with mercury, with its lower end placed in 
a dish of the same fluid,'and the upper end 
furnished with a scale, to measure Ihe height 
of the mercury. 

B'\Let a, fig. 105, be such a tube, 34 or 35 
inches long, closed at one end and open at Vae 
other. To fill the tube, set it upright, anA^ 
pour the mercury in at the open end, and ' 
Wbiit conclDOon Mlows ttom the experiments above d«9chbed 1 'How ji 
it provei), that Ihe prasoie of the atmosphere U equaj to the we^ht of a 
conimnof W&m, SSTeet highl Hondo experiments on other fluids ahow 
tbat die pressure or the aunosphere ia equal to the wdght of a colunm of 
wat er 33 feet hwh t How U^ does mercury rise in an exhaoited tulw 1 
WbatUtbe imncipleoawbi^tltebarameleilaGOiutniotedl WlutldoM 
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when it its entirely full, place the fore finger forcib)}' on thi" 
end, and then plunge the tube and finger under the surface 
of the mercury, before prepared in the cup b. Then with- 
draw the finger, taking care that in doing this, the end of the 
tube is not raised above the mercury in the cup. When the 
finger is removed, the mercury will descend four or five inch- 
es, and aAer several vibrations, up and down, will rest at an 
elevation of 29 or 30 inches above the surface of that in the 
cup, as at c. Having fixed a scale to the upper part of the 
lube to indicate the nse and fall of the mercury, the barome- 
ter would be finished, if intended to remain stationary. It ia 
usual, however, to have the tube inclosed in a mahogany oi 
brass case, to prevent its breaking, and to have the cup closed 
on the top, and fastened to the tube, so that it can be trans 
ported without danger of spilling the mercury^^ 

J The cup of the portable barometer also difiers from that 
escribed, for were the mercury inclosed on all aides, in a 
cup of wood, or brass, the air would be prevented from acting 
upon it, and therefore the instrument would be UBeIes3.\ ^To 
remedy this defect, and still have the mercury perfectly in- 
closed, the bottom of the cup is made of leather, which, be- 
ing elastic, the pressure of the atmosphere acts upon the mer- 
cury in the same manner as though it was not inclosed at alL 
Betow the leather bottom there is a round plate of metal vi 
inch in diameter, which is fixed on the top of a screw, so 
that when the instrument is to be transported, by elevating 
this piece of metal, the mercury is thrown up to th^top of 
the tube and tlius kept from playing backwards and forwards, 
when the barometer is in motion/ 

A person not acquainted with the principle of the instru- 
ment on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury docs not follow the 
common law of gravity, and descend into the cup ; were the 
tube of p9ss 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder 
would be still erealer. But as philosophical fiicts, one is no 
more wonderful than the other, and both are readUy explained 
. by the principleatdwve illustrated, f 

Describe the construction of the baroraclcr, u r^resented by flg. 105. 
How is tbe cvip of the portable bsromelet made, so as lo retain the mercury, 
and glin allow the ui to preae upon it 1 What is tho use of tlui metaAlic 
plate and screw, under the bottom of the cup 1 Eiplaintbereanon whythemet- 
c«tydoe«notftilloutofthebarometer tabe,irheaitBOpenendi»dc-~ '- 
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It has already been shown, that it is the pressure of Iha 
atmosphere od the fluid around the tube, by which the fluid 
within it is forced upward, when the pump is exhausted ot 
its air. ^The pressure of the air we have also seen, ia equal 
to a column of water 33 feet high, or of a column of mercury 
39 inches high. } Suppose, then, a tube 33 feet high is filled 
with water, the atr would then be entirely excluded, and were 
one of its ends dosed, and the other end dipped in water, the 
cSbcI would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to rush in and fill up its place. The upper end being closed, 
the air could rain no access in that direction, and the open 
end being under water, ia equally secure. The quantity of 
water in which the end of the tube is placed, is not essential, 
since Uie pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 
- The same happens to the barometer lube, when filled with 
mercury. The mercury, in the first place, fills the tube per- 
fectly, and therefore entirely excludes the air, so that when it 
is inverted in the cup, all the space above 29 inches is left a 
TBCUum. The same efiect precisely would be produced, were 
the tube exhausted of its air, and ine open end placed in the 
cup ; the mercury would run up the tube 29 inches, and then 
stop, all above tlwt point being left a vacuum. 
\ The mercury, therefore, is prevented from falling out of the 
tube, by the pressure of the atmosphere on thatwhich remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. ^ 
\ In the barometer described/ the rise and fall of the mercury 
is indicated by a scale of inches and tenths of inches, fixed 
behind the tube ; but it has been found, that yery slight vari- 
ations in the density of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable that 
these minute changes should be rendered more obvious, a con- 
trivance for increasing the sctde, called the wheel barometer 
was invented.\ 

WhKtfiIbtbeqnce(kbovB29iiM^ie8, in thebumietertiibel In the com- 
monterometeihowls theiiM (iid&Uoftlw merearrimfiuladl 'TCJljwm 
tlfa -wheel tianiiMte mvoitBd 1 
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Fig. 106 The whole length of the tube of the vheel ba- 

rometer, fif. 106, from c to 0, is 34 or 35 inches, 
aud it is filled with mercury, as usual. The mer- 
cury rises in the short lea to the point o, where 
there is a small piece of glass floating on its sur* 
face, to which there is attached a silk string, 
passing oi'er the pulley p. To the axis of the 
pulley is fixed an index, or hand, and behind 
. this is a graduated circle, as seen in the figure. 
A It is obrious, that a very slight varialion in the 
B height of the mercury at o, will be indicated by 
' a considerable motion of the index, and thus 
changes in the weight of the atmosphere hardly- 
perceptible by the common barometer, will be- 
come quite apparent by this. '. 
I The mercury in the barometer tube being sus- 
tained by the pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being about 29 inches, it might be expected that 
\ if the iastrument was carried to a height from 
the eartli's surface, the mercury would suffer a proportionate 
&11, because the pressure moat be less, at a distance from the 
earth than at its surface, and experiment proves this (o be 
the case. [ When, therefore, this instrument is elevated to any 
considerable height, the descent of the mercury becomes per 
ceptible. Kven when it is carried to the lop of a hill, or high 
tower, there is a sensible depression of the fluid, so that the 
barometer Is employed to measure the heights of mountains, 
and the elevation lo which balloons ascend from the aurftce 
of the corth.' On the top of Mont Blanc, which is about 
16000 feet above the level of the aea, the medium elevation of 
the mercury in the tube is only 14 inches, while on the sur- 
&ce of the earth, as above stated, it is 29 inches. 

The medium range of the barometer in several countries, 
. has generally been stated to be about 29 inches. It appears, 
however, from observations made at Cambridge, in Massachu- 
setts, for the term of 23 years, that Its range there was nearly 
30 inches. 

Eiplun fig. 106, and deseribe the conatmctioii of the vHtai bunnaeler, 
What is staled b> be the medium range of Uw bumoeter at tbe mrfiun of 
the euth 1 Suppose the iiutrument is ^evalad from the eaitb, whit ii the 
pfl«rt on tbe mnciuy 1 How docs the bamaeter indiula Ihe brashts « 
maantsiiu % What u the mediuin range of tlie mercioy on Mont almc t 
Wlut M itated ts be the mediaiQ ruge of die bwraneter at Cuntoidge 1 
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While the barometer stands in the same place, near the leT«. 
of the sea, the mercurv seldom or never falls below 28 inches, 
or rises abore 31 incties, ilsjidiole range, while stationary, 
being only abont 3 inches.-'''''^ 

"^ These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
ing these sanations in the height of the mercury, that when 
it fells, cloudy or iklling weather ensues, and Uiat when it 
rises fine clear weather may be expected. \ During the time 
when the weather is damp and lowering, and the emoke of 
chimnies descends towards the ground, Uie mercury remains 
depressed, indicating that the weight of the atmosphere during 
such weather is less than it is when the sk^ is clear. This 
contradicls the common opinion, that the air is the heaviest 
when it contakis the greatest quantity of fog and smoke, and 
that it is the uncommon weight of the atmosphere which press- 
es these vapours towards the ground. A little consideration 
will show, that in this case the popular belief is erroneous, for 
not only the barometer, but all the experiments we have de- 
tailed on the subject of specific gravity, tend to show that the 
U^ter an^ fluid is, the deeper an>^ substance of a given weight 
will sink in iL Common observation ought, therefore, tu cor- 
rect the error, for every body knows that a heavy body will 
sink in water while a light one will swim, and by the same 
kind of reasoning ought to consider, that the particles of va- 
por would descend through a light atmosphere, while they 
would be pressed up into tne higher regions, fay a heavier air. 

The pnncipal use of the barometer is on noard of ships, 
where it is employed to indicate the approach of storms, and 
thus to give an opportunity of preparing accordingly ; and it 
is founa that the mercury suffers a most remarkable depression 
before the approach of violent winds, or hurricanes. The 
watchAd captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury to 
sink suddenly, takes his measures without delay to meet the 
tempest. During a violent stoma, we have seen the wheel 
barometer sink a hundred degrees in a few hours. But we 



!\xtj &]Ib, wh&t Idiid of weather ia indicated 1 Wlien the meicuiy naetf 

^t kind of weather may be eipecled 1 Wbea fog und smoke deficend 

towardB the gronnd, is it n agn of a light o( heavy alzaoephera 1 By what 
aiuJogy a it diown that the air b hghteat when filled with vapoor t Ot 
(That use is the barometer, on boud of eMpa 1 Whui doei the meraixj 
>u£[er the auMiemaikable depreedoni 
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eannot illustrate the use of thia iiutniment st sea better than 
lo gire the following extract from Dr. Arnol, who was hinueU 
present at the time. " It was," he says, " ia a eouthem lati- 
tude. The sun had jnat set mth a placid appearance, closing 
a beautiful ademoon, and the usual mirth of tne evening watch 
proceeded, when the captain's orders came to prepare with 
all haste for a storm, 'rhe barometer had begun to tall with 
(^palling rapidity. As yet, the oldest sailors had not per- 
CMved eren a threatening in the sky, and were surprised at 
the extent, and hurry ot^the preparations ; but the required 
measures were not completed^ when a more awful hurricane 
burst upon them, than the most experienced had ever braved. 
Notliing could withstand it ; the sails already furled, and close- 
ly bound to the yards, were riven into tatters ; even the bare 
yards and masts were in a ereat measure disabled ; and at 
one time the whole rigging had nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the gen- 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tube of mercury, which had 

S*ven the warning, neither the strength of the noble ship, nor 
e skill and energies of her commander, could have saved 
one man to tell the tale." 

Pumps. 

There is a philosophical experiment, of which no one in 
this country is ignorant If one end of a straw be introduced 
into a barrel of cider, and the other end sucked with the 
mouth, the cider will rise up through the straw, and may be 
swallowed. 

The principles which this experiment involve, are exactly 
the same as ihose concertied in raising water by the pump 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re 
moved. 

The efficacy of the common pump, in raising water, Hb 
pends upon the principle of atmospheric pressure, which 
has been fully illustrated under the articles air pamp and ba- 
rometer. 

WliBt jcma^able instaiice is etated, where a ship Beerned to be uTed by 
the use of the buometerl What expeiiment is etated, aa illuBtratiiig iIm 
prind|Je of llie common pump 1 
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/These machines are of three kinda, namely, the suckinfr, 

mmmmon pump, the lifting pump, and ih^ forcing pump. 

p. j„ Of these, (he common or household 

nig. U7. g pump ia the moBt m use, and for ordinary 

"^purposes, ihemostconvenienty It consists 

ofalon^tube, or barrel, called the ^m^ 

log, which reaches from a few feet above 

the ground to near the bottom of the well. | 

/At 0, fig. 107, isa valve, opening upwards. 




called 



pum,p box. WTien the pump is 
action, this is alvrays ahut. The 



piston b, has an aperture through it, which 
IS dosed by a valve, also opening upwards.' 
By the pupil who baa learned what has 
been esplained under the articles air 
pump, and barometer, the acdon of Uiis 
machine will be readily understood. 

/ Suppose the piston b to be drawn to a, 
tnen os depressmg the lever c, a vacuum 

rould be formed between i 



% and bj d 
not the water in the well riae, in consequence of the pressure 
of the atmosphere on that around the pump log in the well, 
and take the place of the air thus removed. ■ Then on raising 
the end of the lever, the valve a closes, because the water is 
forced upon it, in consequence of the descent of the piston, 
and at the same time the valve in the piston b opens, and the 
water, which cannot descend, now passes above the valve b. 
Next, on raising the piaton, by again depressing the lever, this 
portion of water is lifled up to b, or a little above it, while an- 
other portion rushes through the valve a to fill its place. 
Afler a few strokes of the lever, the space from the piston b 
to the spout is filled with the water, wnere, on continuing to 
work the lever, it is discharged in a constant stream. 

Although, in common language, this is called the suctioit 
pump, still it will be observed, uiat the water is elevated by 
suction, or in more philosophical terms, by atmospheric pres< 
sure only above the valve a, after which it ia raised by lifting 

On wlut doesllieactioitaftliecaiuiuin pump depend 1 How many kindi 
of pumps are mentioned 1 YThkh kind is the common 1 Describe the com- 
maa piu^>. Explain hair the cammon pump acta. When the leTcr is d»- 
pioaed, wtiU takes pUoe in the pnmpbanen When (lie level is eleralvd, 
what lakei place 1 How &i ia the water TaiaeA b; atmcwphene pnanue, 
and bow &r by Hftingi 
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up to the spont The water, therefore, ib pressed into ttifl 

rimip barrel hy the atmosphere, and thrown out by lifUng. 
The lifting pump, properly so called, has the piston in the 
Iflwerend of the barrel, and raises the water through the whole 
(lisiance, by forcing it upward without the agency of the a*- 
mosphere. 

In the suction pump, the presaure of the abnosphere wiH 
raise the water 33 or 34 feet, and no more, after which it may- 
be liiied to any height required. 

' The forcing pump differs from both these, in havins ils jris- 
ton solid, or without a valve, and also in having a side pipe, 
through which the water is forced, instead of nsing in a per- 
pendicular direction, aa in the others.' 

Fig. 109. The forcing pump is represtiit- 

ed by fig. 108, where a is a soUd 

£i8ton, working air-tight in its 
iirel. The tube c leads from 
Qie barrel of the air vessel d. 
Through the pipe p the water is 
throwninto theopenair. g nt. 

rge, by which the pressure of 
water in the air Tessel is as- 
certained. Through the pipe t, 
the ^valer ascends into the barrel, 
' its upper end being furnished 

\. with a valve opening upwardsJ 
J_ To explain the action of this 
pump, suppose the piston to be 
down to the bottom of the barrel, 
and then to be raised upward by 
the lever I ; the tendency to form 
a vacuum in the ^barrel will bring 
the water up through the pipe t, 
by the pressure of the atmos- 
pnere. Then on depressing the 
piston, the valve at the bottom of die barret will be closed, and 
the water, not finding admittance through the pipe whence it 
came, will be forced through the pipe c, and opemng the valve 

How does the lifting pump difier ftom the ccnunon pump 1 How doet 
tlksfbrdng pump dlfiertirom the connnon pomp 1 ElxpUinfig. 106, uiddMnr 
is nhot muuiei the watsr ia brouf^ up thioi^ ^m pipe t, and tAcnnitk 
thrown out ■! the [^ p. 
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Bt iis Tmper end, will enter into the air venel d, and be div 
ehuved throuf h the pipe p, into the opea air. 

The water is Uierefore elevated to the piston barrel by the 
presiure of the atmoBphere, and afterwarde thrcnm ont by tbe 
force of the piston. It is obviona that by this an-angement, 
the height to which this fluid may be thrown, will depend on 
the power applied to the lever, and the strength with which 
thepump is made. 
j'rbe air vessel d contains air in its upper part only, the 
Idwer part, as we have already seen, being filled with water. 
The pipe p, called the discharging pipe, passes down into the 
water bo that the air cannot escape^ The air is therefore 
compreesed, as the water is forced into the lower part of the 
vessel, and re-acting upon the fluid by its elasticity, throws it 
ont of the pipe in a continued Rtreaoi. The conalant streani 
which is emitted from the direction pipe of the fire engine is 
entirely owing to the compression and elaatici^ of the air in 
its air veasel. In pumps without such a Tessel, as the water ia 
forced upwards, only while the piston is acting upon it, there 
most be an interruption of the Btr^m while the piston is as- 
cending, as in the common pump. > The air veasel ia a reme- 
dy for this defect, and is found also to render the labour of 
drawing the water more easyj/because the force with which 
the air in the vessel acts on the water, is always in addition to 
that ^ven by the force of the piston. ' 

The _^/-e eng'tne ia a modifica- 
tion of the forcing pump. H 
consists of two such pumps, the 
pistons of which are moved hy 
a lever with equal arms, the com- 
mon fulcrum being at c, fig. 109. 
'Whiie the piston a is descend- 
ing, the other piston b, isascend- 
ing. The water is forced by 
the pressure of the atmosphere, 
i through the common pipe p, and 

then dividing, ascei>as into the 
working barrels of each piston, 
where the valves, on both sideo, 
prevent its return. By the alter- 
nate depression of the pistcnai 

it ia then forced into the air boK 

'UriiY does not the MT «t»pe frmn the »if lewe l in thii ptmyT 
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d, and then by the directioii jnpe e, is thrown where it is want- 
ed. This machine acts precisely like the forcing pump, only 
that its power is douUeS WliaTing two pistons instead of oneJ 
Fig. 110. ^ There le a beautiful fountain, called 

the fountain of Hiero, which acts by 
the elasticity of the air, and on the 
some principle as that already descri- 
bed. Its construction will be under- 
stood by fig. 110, but ita form may be 
varied according to the dictates of 
fancy or taste. The boxes a and b, 
together with the two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play.' 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube, nearly full of water. The tube r, 
reaching nearly to the top of the box, 
will prevent the water from passing 
downwards, while the spouting pipe 
will prevent the air from escaping up- 

wards, after the vessel is about half 

filled with water. Next shut the stop cock, of the spouting 
pipe, and pour water into the open vessel d. This will des- 
cend into the vessel b, through the tube e, which nearly reaches 
its bottom, so that after a few inches of water are poured in, 
no air can escape except by the tube c, up into the vessel a. 
The air will then be compressed by the weight of the column 
of water in the tube ei and therefore the force of the walei 
from the jet pipe will Be in proportion to the height of this 
tube. ' If this tube is 20 or 30 feet high, on turning the stop cock, 
a jet of water will apout from the pipe thai will amuse and as- 
tonish those who have never before seen such an experiment 
[fbr otluT properties of air, see Chemistry.} 
ACOUSTICS. 
Acoustics is that branch of natural philosophy which treats 
of the origin, propagation, and effects of sound, 

Whot effect doca the nirTesselhaTeontheBtreamdiBchargedl Why does 
the ^vesad render the labourof raiaiig the water moreeasyl EipIamSg. 
109, uid dcHcribe Che actioii of the fire en^ic. What caueee the continued 
-•—-^ "—^ntiie diieclioii[^ of thia engine 1 HowiiB thefinmtuuofHiBio 



When a Bonorous, or sotmding body is 8tniek,''it is Hirown 
into a tremulous, or vibrating motion.; This motion is com- 
municated to the air which surrounds us, and by the air is con- 
Teyed to ovir .ear dnmis, which also undergo a vibratory mo- 
don, and this last motion, throwing the auditory nerves into 
action, We thereby gain the sensation of sound. 

If any sounding body of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eve, and while the eye perceives ite motion, the ear per- 
ceives the sound. 

That sound is conveyed to the ear by the motion which the 
sounding body communicates to the air, is proved by an inter- 
esting experiment with the air pump. Among philosophical 
instruments, there is a small bell, the hammer of which is 
moved by a spring connected with clock-work, and which is 
roade expressly for this experiment 

If this instmment be wound up, and placed under die re- 
ceiver of an air pump, the sound of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, producing 
no effect upon the ear. Upon aUowing the air to return graf 
iially, a famt sound is at iirst heard, which becomes louder 
and louder, until as much air i»admittt'd, as was withdrawn. 

On the contrary, when the air is more dense than ordinary, 
or when a greater quantity is contained in a vessel, than m 
the same space in the open air, the effect of sound on the ear 
IB inereaeed. This is illustrated by the use of the diving bell. 

The diving bell is a large vessel, open at the bottom, under 
which men oeacend to the beds of nvers, for the purpose of 
obtaining articles from the wrecks of vessels. When this 
machine is sunk to any considerable depth, the water above, 
by its pressure, condenses the air under it with great force. 
In this situation, a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painful to the ear. 

Again, on the tops of high mountains, where the pressure, 
or density of the air is muc'i less than on the suriace of the 
earth, the report of ,b pistol is heard only a few rods, and the 

On what will the height of the jet ftom Hiero's {onntsin depend 1 Wlwt 
i« acousticB 1 When a sonorous bod; ia bUucIl within hearing, m vibat man- 
□FT do we gain from it the sensEition of Bound 1 How istt prored, that saand 
ij convej^to the eai b; the medium of the air 1 Whea the sir ii toon 
dnue than ordinuj, how does it affect lonndl 
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hmnsB voice ii bo weak u to be iiuiudible st ordinuy di< 
Unoes. 

Thus, the atmosphere which Burround» us, i» the mediuir 
by which iounds are conveyed to our ears, and to ita vibra- 
tions we are indebted for the senae of hearing, as well as to 
all we enjoy from the chamu of music 

The atmosphere, though the moat common, is not, however, 
the only, or the best conductor of sound. iSolid bodies conduct 
sound better than elastic fluids. Hence, if a person lay his 
ear on a Ion? sdck of timber, the scratch of a pin may be heard 
from the other end, which could not be perceived through 
the air. 

The earth conducts loud rumbling sounds made below its 
anrface to great distances. I'hus, it is said, that in countries 
where volcanoes exist, the rumbling noise which ffenerallr 
prededes an eruption, is heard iirst by the beasts of the field, 
becaiue their ears are commonly near the ground, and that 
by their agitation and alarm, they give waming of its ap- 
proach to Uie inhabitants. 

The Indians of our country will discover the approach of 
horses or men, by laying their ears on the ground, when they 
are at such distances as not to be beard in any other manner.' 

Sound is propagated through the air at the rate of 1 L42 feet 
in a aecona of time. Wben compared with ibe velocity of 
lifht, it therefore moves but slowly. Any one may be eon- 
Tinced of this bv watching the discharge of cannon at a dis- 
tance. The flash ia seen apparently at the instant the gunner 
touches fire to the powder ; the whizzing of the ball, if the 
ear is in its direction, is next heard, and lastly, the report. 

Solid substances convey sounds with greater velocity than 
air, as Is proved by the following experiment, lately made at 
Paris, by M. Biot 

At the extremity of a cylindrical tube, upwards of 3000 
feet long, a ring of melsl was placed, of the same diameter 
as the aperture of the tube ; and in the centre of this ring, in 
the mouth of the tube, was suspended a clock bell and Jum- 
mer. The hammer was made to strike the ring and the bell 
at the same insta^ so that the sound of the nng would be 

Whiai»Btdd(rf'lIieeflectaof»oundiBithetopsofljighniouiitain«l Wliish 
are tbe beat con^J^s of Bound, solid or elastic aub^incea 1 What is »aid 
of tbo earth as a conductor of sounds 1 How is it said thai the Indiam 
iBacoTei the approach of hones '? How fast does Bound pass through the lur 1 
Whjdi caav^ sowiiilB with the greatest velocity, M^robBtances, 01 airl 
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1 lo tiR remote end of the tube, tlirough die eoor 
dnetiae power of tiie tube itself^ while the sound of the bdl 
would De transmitted through the medium of the air inclosed 
in the tube. The ear being then placed at the remote end of 
(he tahe, the sound of the ring, transmitted by the metal of 
the tube, w«s first heard distinctly, and afler a short iaterral 
had ela(M)ed, the sound of the bell, transmitted by Ae aii in 
(he tube, was heard, l^e result of several experiments was, 
th&t the metal conducted the sound at the rate of about 11,866 
feet per second, which is about ten and a half timee (be Telo- 
city with which it is conducted by the air. 

Sound moves forward in'^straiglit lines, ^nd in this respect 
follows the same laws as moving bodies, and hght It also 
follows the mme laws in being reflected, or thrown back, 
when it strikes a solid, or reflecting surface. • 

If the' sur&ce be smooth, and of considerable dimensions, ^he 
sound willbereflected,andaDechowillbeheard; but if the surface 
is yery irregular, soft, or small, no suchefiectwillbeproduced- 
In order to hear the echo, the ear inust be placea in a cer- 
tain direction, in respect to the point where the sound is pro- 
duced, and the reflecting surface. 

t1(- 111. I If asound be produced at a, fig. Ill, and 

strike ihe plane surface b, it will be reflected 
™ back in the same line, and the echo will be 
heard at c or a. That ia, the angle under 
which it approaches the reflecting surfiice, 
and that under which ir leaves it, will be 

WheAer (he sound strikes the reflecting 
surface at right angles, or obliquely, (he an- 
gle of approach, and the angle of reflectioD, 
1^ always be the same, and equd. 

This is illustrated by 
Kg. lUL fi^. 11% where soppoae » 

pistol to be fired at a, 
whUe the reflecting sur- 
£ice is at c; then the echo 
win be heard at b, the an- 
gles 2 and ] being equal 
'■ to each other. 

Dncilbe th> ezperimNit proriog that wund is oondodnl by > metel with 
fffcMeTTfbdtjIhuibytheui. In irlMt lines doeaKiiinilisonl Fnmwtut 
Eind of mrfiiDe is amid raflected, N u 



to iHodoce au«cfaol EziUiifl(.Ul. 
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If a sound be emitted between two rSpctmg fltiT&cea, 
Mnllel to eacb otber, it will reverberate, ir be Boiwered 
Mckwanbi and forwards eeTeral times. ' '.'- 

ng. 113. ThuB, iftheBoundbemadeat a,fif. 113, 

it will not only rebound bacl^again to a, but 
will also be reflected from thf pdnls c and 
d, and were Buch reflecting sunaceB placed 
St every point around a circle from a, tbe 
sound would be thrown back from them all, 
at the same instant, and would meet again 
\ at the point a. 
\ We shall see under the article Optics, 

'that light observes exactly tbe same law in 

respect to its reflection Trom plane surfacea, and that the angle 
at which it strikes is called uie/angle of incidence, ^ad that 
under which it leaves the reflecting surfece is called iheiangle 
of reflection.'; The same terms are employed in respect to 
sound. 

In a circle, as mentioned above, sound is reflected from 
every plane surface placed around it, and hence if the sound 
IB emitted from the centre of a circle, this centre will be the 
point at which the echo will be most distinct. 

' Fig. }!*■ Suppose tbe ear to be placed at 

the point a, fig. 114, in the centre 
of a circle ; and let a sound be 
produced at the same point, then it 
will move along the line a e, and 
*V\ II ^ reflected from the plane sur- 

— Q \b face, back on the same line to a ; 

and this will take place from all 
the plane Bur&ces placed around the 
circumference of a circle ; and ea 
all these surfaces are at ^e same 
distance from the centre, so the 
reflected sonnd will arrive at the point a, at the same instant; 
and the echo will be loud, in proportion to the number ai^ 
perfection of these reflecting . surfaces. 

Expkin %. 113, and ^ow in what^nctiDnuniDd appnochoi andleavea 
X leSeeliiig Burfiiee. Wlut is tbe ancle under wMch wand etiikea a leflect- 
b^sOT&ce called 1 What ia the angte under which it leavea a reflecting am- 
ftoBcaUBdl iBthere anydiSeieQceinthaqiiiuitityofthesetnoaiiglesI Sop- 




te of a dcculu room, where would be tM 
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It is api^BreDt diat the auditor, in ihia cue, must be placed 
in the centre froiu which the sound proceeds, to receive the 
g>reatesl eSect fBut if the shape of the room be oral, or ellip- 
bca], the soond may be nmde in one part, and the echo wul 
be heard in pother part,\because die elhpse has two points, 
called foci, ^t one of which, the aoimd being produced, it will 
" in the other. 

( Suppose a sound to be produced at a, 
fig. 116, it will be reflected from the 
sides of die room, the anvlea of incidence 
being equal to those of reflection, and 
will he concentrated at b. . Hence a 
hearer standing at b will be effected by 
the united rays of sound from different 
parts of the room, so that a whisper at a, 
will become audible at b, when it would 
"^C not be heard in any other part of the 
room. Were the sidcsof the room lined 
with a polished metal, the rays of tight 
or heat would be concentrated in the 
same manner. '\ 
D of this will be understood, when we consider, 
. placed at c will receive only one ray of the sound 
proceeding from a, while if placed at b, it will receive die raya 
from all parts of die room. Such a room, whether constmct- 
ed by design or accident, would be a whispering gallery. 

On a smooth surface, the raya, or pulses of sound, wilt pass 
with less impediment than on a rough one.\ For this reason. 




persons c 



n talk to each other on the 



oppof 






when they could not be understood to 'tiie same distance o 
die land. The report of a cannon, at sea, when the water ia 
smooth, may be heard at a great distance, but if the sea if 
rough, even without wind, the sound will bo broken, and will 
reach only half as far. 

The strings of mustcoZ iTtatruTnents are elastic cords, which 
being fixed at each end, produce sounds, by vibrating in the 
midiue. 

Eijdain fig. 114, ari pve the resson. Suppoee a Bound to be produced 
in one of the Cod of tin dUpae, where then might it be distinctly houil 1 Ei- 
ptoin %. 115, and rive the reiiaon. Why is it that peisous can con'verse oa 
the oppodta radis cf a river when the; could not tieu each other at thcanjus 
^stance om the luull HowJo the stri 
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The string f>f a vioUn or piano, wben pnUed to one «da hf 
its middle, and let go, Tibrates backwards and forwards, like 
a pendulum, and striking rapidly against the air, prodnoes 
tones, which are gnre, or acute, according to its tuiuooi si^ 
or length. 

llie manner in which such a strine vibntes, is shown bv 
fig- 118. , 

I^. 116. ' If pulled from e to 

a, it will not stop a- 
gain at e, but in pas- 
e from a to e, it 




tum will agun carry it to d, arA so on, backwards and forwards, 
like B pendulnm, until its lensioi ' " 

ivill finally bring it to rest) 



idulnm, until its tension, and the resistance of the 



The grave, or sharp tones of the same string, depend on 
its difTerent degrees of tension \ hence, if a string be struck, 
and while vibratins, its tension be increased, its tone will 
be (tbanged from a lower to a higher pitch. 

Strings of the same length are made to vibrate slow, or 
quick, and consequently to produce a yariety of sounds, by 
making some larger than others, and givine them different 
degrees of tension. The violin and bass viSl are familiar ex* 
amples of this. The low, or baas strings, are covered with 
metallic wire, in order to make their magnitude and weight, 
prevent their vibrations from being too ntpid, and thus they 
are made to give deep or grave tones. The other strings are 
diminished in thickness, and increased in tension, so as to 
make them produce a greater number of vibrations in a given 
time, and tnus their tones become sharp or acute, in pro 

Under certain circumstances, a long string will divide itself 
into halves, thirds or quarters, withont depressing any part 
of it, and thus give several harmonious tones at the same tune. 
/'the fairy tones of the .£olian haip are produced in this 
manner. This instrument consists of a simple box of wood, 
with four or five staings, two or three feet long, fastened at 



rel Whjia titeie nTBije^of to 
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Mcli end. ThsM are toned in unison, m tbat when made to 
vibnte with force, they produce the aaoie tones. But when 
■UBpended in a scntle breeze, each strins, according to the 
manner or force in which it receiTes the blast, either soonda 
as a whole, or is divided into several parte, as above described, f 
** The result of which," says Dr. Amot, " is the production of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, nr fancy pmhaps conceived. 
After a pause, this fairy harp is oden heard beginning with a 
low, and solemn note, like the bass of distant music in the 
sky ; tiie sound then swells as if approaching, and other tones 
break forth, mingling with the first, and with each other." 

The manner in which a string vibrates in parts, will be un- 
derstood by fig. 117. 

Rg. 117. 



Suppose the whole length of the strinffto be from a, to h, 
and (hat it is fixed at these two points, xhe portion from b 
to c, vibrates as though it was fixed at c, and its tone difiers 
from those of the other parts of the string. The same happeas 
from c to d, and from dto a. While a string ia thus vibra- 
ting;, if a small piece of paper be laid on the part c, or d, it 
win remain, but if placed on any other put of tfae etriug, it 
will be shaken off. i 

' Wind. 

Wind is nothing more than air in motion. The nie of k 
ftn, in warm weather, only serves to more the air, and thus to 
make a little breeze about the jperson using it. 

As a natural phenomenon, that motion of the air which we 
call irind, is produced in consequence of there being a greater 
degree of heat in one place than in another. The air thus 
heated, rises upward, while that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the &ct, that during the 
burning of a house in a calm night, the motion of the air to- 
wards the place, where it ii thus rarefied, makes the wind blow 
fiv^m every point towards the flame. 

Ezphin flg.llT ihomng the munnerin nliichtfiiiigl TJbrite in f^ 
WhatiawiDdl Am a natural pheimnenan how ii wlml (aodnced, w, what 
isthaeMMitfwind? Hem b thii illiutntad 1 
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In iatanda situated in hot climates, this principle is ehanniiiff' 
ly illustrated. The land, during the da^ time, betne under the 
rays of a tropical sun, becomes heated in'a greater aegree than 
the surrounding ocean, and consequently, there rises from the 
land a stream of warm air, during the day, while the cooler 
wr from the surface of tlie water, moving forward to supply 
this partial vacancy, produces a cool breeze setting inland on 
all sides of the island. This constitutes the^ea breeze, which 
is so delightfifl to the inhabitants of those not countries, and 
without which men could hardly exist in some of the most lux- 
uriant islands between the tropics. 

' During the night the motion of the air is reversed, because 
the earth being heated superficially, soon cools when the sun 
is absent, while the water being warmed several feet below 
its surface retains its heat longer;) 

Consequently towards morning, the earth becomes colder 
than the water, and the air sinlimg down upon it, seeks an 
equilibrium by Howing outwards, lise rays from a centre, and 
thus the land breeze is produced. 

The wind then continues to blow from the land, until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again die land hecominff 
warmer than the water, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are constantly re- 
freshed during the summer season, with alternate land and sea 



At the equator, which is a part of the earth continually un- 
der the heat of a burning sun, the air is espandcd and ascends 
DDwards so as to produce cnrrenta from the north and south,' 
which move forward to supply the place of the heated air as it 
rises. These two currents, coming from latitudes where the 
daSy motion of the earth is less ^an at the equator, do not 
obtain its full rate of motion, and therefore when they a[K- 
irroach the equator, do not move so fast eastward as that por- 
tion of the earth, by the difference between the equjitor's 
velocity, and that of the latitudes from which they come.) 
"Hiis wind therefore Mis behiatl the earth in her diurnal 
motion, and consequently has a relative motion towards the 

Id the iglKTidB ofAot clinulec, why does Ihe nind blow inland darine the 
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west. This constant breeze toirards the west is called the 

trade wind, because a large portion of the coauuerce of n> 
ttona comes within its influence. 

While the air in the lower regions of the atmosphere is 
thus constantly flowing from the north and south towards the 
equator, and forming the trade winds between the tropics, the 
heated air from these regions as perpetually rises and forms 
a counter current through the higher regions towards the north 
and south from the tropics, thus restoring the equilihriuml 

This counter motion of the air in the upper and lower re- 
gions is illustrated by a very simple experiment. Open a door 
a few inches, leading into a heated room, and hold a lighted 
candle at the top of the passage; the current of air as indica- 
,ted by the direction of the ilame, will be out of the room. 
Then set the candle on the floor, and it will show that the cur- 
rent is there into the room. Thus, while the heated air rises 
and passes out of the room, that which is colder flows in, along 
die floor, to take its place. 

/This explains the reason why our feet are apt to suffer with 
the cold, in a room moderately heated, while the other parts 
of the body are comfortable. It also explains why those who 
nt in the mllery of a church are sufficiently warm, while those 
who sit below may be shivering with the cold. 

From such facts, showing the tendency of heated air to as- 
cend, while that which is colder moves forward to supply its 
plA^e, it is easy to account for the reason why the wind blows 
perpetually from the north and south towards the tropics ; for, 
the air being heated, as stated above, it ascends, and tnen floivs 
north and south towards the poles, until, gromng cold, it 
unks down, and again flows towards the equator. 
Kg. 118. 




How ue die tnde winds fonnedl White the ab b tlie lower regiona 
dotn ficm the Doith and Mmth towuds the equator, in what diiectioovoes 
" * ' " ' ' epoii» ^ How U this counter current in lower and apper 
I eiperimont ? 
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Snppoae ab e lo represent & portion of the earth's giirface, 
a being towRrds the north pole, c towards the south poie, and 
b the equator. The currents of air are supposed to pass in the 
direction of the arrows. The wind, therefore, from a to b 
would blow, on the surface of the earth, from north to south, 
while from e to a, the upper current would pass from south to 
north, until it came to a, when it would change its direction 
towards the south. The currents in the southern hemiBphere 
being governed by the same laws, would assume similar direi:- 

OFncs. 

Optics is that science which treats of rision, and the pro- 
perties and phenomena of light 

The term optics is derived from a Greek word, which sig- 

nifies seeing. 

This science involves some of the most elegant and lmpojli> 
ant branches of natural philosophy. It presents us with ex- 
periments which are attractive by their beauty, and which as- 
tonish us by their novelty ; and, at the same dme, it investi- 
gates the principles of some of the most useful among the ar- 
ticles of common life. 

There arc two opinions concerning the nature of light. 
-Some maintain that it is composed of material particles, which 
are constantly thrown off from the luminous body ; while 
others suppose that it b a fluid di^sed through aU nature, 
and that the luminous, or burning body, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the same manner as souiid is conveyed through the air. > The 
most probable opinion, however, is, that hght is composed ol 
exceedingly minute particles of matter. But whatever may 
be the nature or cause of light, it has certwn general proper- 
ties or effects which we can investigate. Thus, by experi- 
ments, we can determine the laws by which it is governed in 
its passage through different transparent substances, and also 
those by which it is governed when it strikes a substance 
through which it cannot pass. We can likewise test its na- 
ture to a certain degree, by decomposing or dividing it into its 
elementary parts, as the chemist decomposes any snbstanoe he 
wishes to a.na.]yxe, 

Wtint oimiDan fkct dace thk eiperiiiMiit iltnatratol Define Optica 
WlutiaBaidofthedegumaadlmpanuMwciftliUMaenoel Wlutwetlw 
twoofaniomcoacMnungtheaatiiTe^Ui^l What ii thamnt prababk 
opimonl 
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To nndentand the science of optics, il is necessiiry to de> 
fine sereral terms, which, Blthongh some of them may be in 
common use, hare a technical meaning, when applied to tlds 
science. 

^Ztg-At 13 that principle, or substance, which enables ns to see 
any boiy from which it proceeds. If a luminous substance, 
as a burning candle, be carried into a dark room, the otnects 
in the room become Tisible, because ibey reflect the lignt of 
the candle to our eyes. (Fbr the Chetntcal effects of Light, 
see Chemistry.) 

/ Luminous bodie-s are such as emit light from their own 
substance. ■ The sun, fire, and phosphorus, are luminous bo- 
dies. Th^ moon, and the other plaaets are not luminous, 
since they borrow their light from U»e sun, 

( Transparent bodies are such as permit the rays of light to 
pass freely through them. Air and some of the gases are 
perfectly transparent, since they transmit light without being 
▼iaible themselves- Glass and water are' also considered trans- 
parentt'but they are not perfectly io, since they are themselves 
visible, and therefore do not suffer the light to pass throu^ 
them without interruption. 

TVanslucent bodies are such as permit the light to pass, but 
not in sufficient quantity to render objects disOnct, when seen 
through them. 

Opaque is the reverse of transparent. Any body which per- 
mits none of the rays of light to pass through it, is opaque. 

lUuminated, enhghtened. Any thing is illuminated when 
the light shhies upnn it, so as to make it visible. Every object 
exposed to ^e sun is illuminated. A lamp illuminates a room, 
and every thin? in it. . 

A Ra^ls a smgleline of light, as it comes Irom a luminous 
body. 
' A Beam, of light is a body of parallel rays. 

A Pencil of light is a body of divemng or converging raj^. i 
\DiveTgent rays, are such as come from a point, and contin- 
ually separate wider apart, as they proceed. ; 

Wbatia light 1 Wliat is ahm^uHubodyl Whatia ntranspaxentbodyl* 
Are ^am and waler perftcUy ttanspareia 1 HoW i> h pr oTOd *'"> -"" 
perfectWlranspaientl What are tmnslucenl bodiea 1 Wlut a. 
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Comergent rays, are those which approach each oQux, so 
M to meet at a common pointy 

Lamitunis bodies emit rays, or pencils of light, in erery di- 
rection, so that the space throngn which they are visable il 
filled with them at every possible point. 

TliuB, the Bun illuminates every point of space, within the 
whole solar system. A ligbt, as Hiat of a li^ht house, which 
can be seen from the 'dislaoce of ten miles m one direction, 
fills every point in a circuit of ten miles from it, with light. 
Were this not the case, the Ught from it could not be seen from 
evMy point within that circumference. 

The rays of light move forward in straiEht lines from the 
luminous body, and are never turned out oT their coarse ex- 
cept by some obstacle. 

^■»^- Let fl, -fig. 119, 

be a beam of light 
I from the sun paas- 

MHHiH^^iM^^^HH^^ a *°e through a 
^^ I small orifice in 

i^^^^^'^ I j the window shut- 

ter 6. The sun 
cannot be seen throngb the crooked tube c, because the beam 
passing in a straight line, strikes the side of the tube, and 
therefore does not pass tlirough it.^ 

All the illumisated bodies, whether natnial or artifidal, 
throw ofi* light in every direction of the same color as them- 
selves, thouffh the lignt with which they are illuminated is 
white or without color. 

This fact is obvious to all who are endowed widi sight. 
Thus, the light proceeding from grass is green, while mat 
proceeding from a rose is red, and so of every other color. 

We shall be convinced, in another place, that the white 
light with which things are iUuminaled is really composed of 
several colors, and that bodies reflect only the rays of their 
own colors, while they absorb all the other rays. 

Light moves with the amazing rapidity of about 95 millions 
of nules in 81 minutes, ^ce it is proved by certain astro- 
nomical observations, that the light of the sun cemes to the 

What ue conveigent rajal In what direcdoD do lominiKu bodies ettnt 
Bflit') Howiak croved that ahunhuDsbodjfinsereiy poiDtwitMaaceT- 
Ulii balance with ught 1 Why cannot a beam of li^ be «md throng a 
bent tnbel Whatis the color of the light whicbclifflTeat bodies thnwoffl 
If gTMi throws off giem Ugbl, wl»t becomcB of the liOm njsl 
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mr&'ia dut time. This velocity is ad great, that to si^ du* 
tance at which an artificial light can l» seen, it seems to be 
transmitted inataataneouBly. 

If a too of gnnpowder vere exploded on the to^ of a moun- 
taiD, where its light could be seen a hundred miles, no per- 
ceptible ditterencB would be ohseired in the time of its ap- 
pearance on the spot, and at the dbtance of a hundred miles. 
Refraction of Light. 
Although a ray of light will always pass in a straight Sne* 
when not interrupted, yet when it passes obliquely from one 
transparent body into another, of a different density, it leaves 
its Unear direction, and is bent, or refracted, more or less, out 
of its former course. This change in the direction of light, 
aeems to arise from acerlain power, or quality, which trans- 
parent bo»Kes possess in different degrees; for some snb- 
- '* ' E^I30. stances bend the rays of light much 

\ more obliquely than others. 

\ The manner in which the rays of 

\ light are refracted, may he readily un- 

e^^^^^^^i derstood by fig. 120. 
^^^^^^^^^1 Let a be a ray of the sun's light, pro- 

^^^^^^^^^ ceeding obliquely towards the suriace 
\\ of the water c, a, and let e be the point 

\\ which it would strike, if moving only 
^ >« through the air. Now, instead of pass- 
ing through the water in the line a, e, it will be bent or re- 
~~<v fig. 121. fracted, on entering the water, 

from o to n, and having passed 
through the fluid it is a^in re- 
fracted in a contrary direction 
on passing out of the water, 
and (hen proceeds onward in 
1 str^ght line as before. 

The re&action of water is 
beautifully proved by the fol- 
lowing simple e^eriment 
Place an empty cup, fig. 121, 
with a shilling on the bottom, in such a position, that the side 

Whnl is the rata of velod^ with which B^t moves? Can we pmwi™ 
tuj cliflerence In Ihe time vbmh it takea an artifidal light to pus to as &om 
a^real or am»ll diatance 1 WhatiiiiiesiU by"* * " 
dtnuiqiueiit bodies refract light eqaalljl 
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of th« mp will jnit Ude the raeee of money from die eye. 
Then let another penoa fill the cop with water, keeping the 
eye in the same poaition aa before. Ah the water ia poured 
in, the ahillinc will become lieible, appearing to rise with 
the water. The effect of the water is to oend uie ray of lis'ht 
coming from the ahilling, so aa to make it meet the eye below 
the point where it otherwise would. Thus the eye could not 
see the ehilling in the direction of c, since the Ime of vision 
is towards a, and c ia ludden by the side of the cup. But the 
re&actiou of the water bends the ray downwarda, producing 
the same effect as though the object had been raised upwards, 
and hence it becomea Tiaible. 

The transparent body through which the light paasea is 
called the medium, and it is found in all cases, " that where a 
ray of light passes obliquely from one medium into another of 
a different density, it is refracted, or tuTTiedout of its former 
course." This is illustrated in the above examples, the water 
being a more dense medium than the air. The refraction takes 
place at the surface of the medium, and the ray is refracted in 
Its passage out of the refracting substance as well aa into it. 

If the ray, after having passed through the water, then 
strikes npon a still more dense medium, as a pane of glass, it 
E^. 133. \riU again be refracted. It is understood, 
that in all cages the ray muat fidl upon the 
refracting medium obliquely in order to be re- 
fracted, tor if it proceeds from one medium to 
another per^ndicularly 
t will pass straight through 
fraction will take place. 

Thus, in fig. l%i, let a represent air, b wa- 
ter, and c a piece of glass. The ray d striking 
each medium in a perpendicular direction, 
passes through them all in a straight line. The 
oblique ray passes through the air in the di- 
' rectionofc, but meeting tiie water, is reflected 
m t in the direction of o ; then foiling upon the 
glass, itis again refracted in the direction of 
p, nearly parallel with the perpendicular line d. 

ELnlaln flg. 190. and ahow hiow Ae la; is refracted in pumv into uid 
•ut oT the walat. Explun fig. 131, and atal« the leaooo whj Ifte ahiUiiiK 
■MOOD to be laind op by poamg in tin walei. What i> a nwdiam 1 Q 
irtiat diNctiMi moit k lay of ligU pan towaidi the mei&mi Id ba n&Mctad 1 
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In ail cases »*«*•<! the ray passes out of a rarer into a den- 

»er medium, it ts redacted towards a perpendicular line, 

Rg. I2S, raised from the surface of the denser me- 

a dium, and so, when it passes out of a dej^- 

\ ser, irUo a rarer medtum, it is refracted 

\ ,g from the same perj^ndicular. 

\ Let the mBdium 6, fig, 123, be glass, and 

^HHM^^H the medium c, wate>. The rar a, as it 

^^^^^^^H' falla upon the medium b, is refracted to- 

■n; 



' power is less than that of glasa, it is not 
. bent BO near the perpendicular as before, 
^ and hence it is refracted from, instead of 
towards the perpendicular line, and approaches the original 
direction of the ray a, ^, when passing through the air. 

The cause of refraction appears to be (he power of attrac- 
don, which the denser medium eierta on the passing ray 
and in all cases the attracting force acts in the direction of a 
perpendicular to the refracting surface. 

The refraction of the rays of light, as they fall upon the sur- 
ftce of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

Hit 121 Suppose the rod a, fig. 124, to be set with 

onehalfof itslengthbefow the surface qfthe 
? ^_. water, and the other half above it. The eye 

j^ being placed in an oblique direction, will see 
f^y^ the lower end apparently at thepoint o, while 
I^^Un^H the real termination of the roa would be at 
H^^B^^B n : the refraction will therefore make the 
I^^^^^^H rod appear shorter by the distance from o to 
W^^^^^^M ji, or one fourth shorter than the part below 
the water really is. The reason why the rod appears distort- 
ed, or broken, is, that we judge of the direction of the part 
which is under the water, by that which is above it, and the re- 
fraction of the rays coming from below the surface of the water, 
^ve them a different direction, when compared with those com- 
mg from that part of the rod which is above it. Hence, when 
When the ra^ passes out of a rai£T into a denser Piedium, in what di- 
ledion is it lefcacted 1 When it passes out of a deQBeriiitoB,iBrer medium, 
m what diiection is the reiiaetion^ Explain this b; %. 133. What it dM 
EHue of leSnetioD 1 Wliatb thereaHiD that arod, withoBeandintheivft. 
tet, appwn distorted and ahorter than it tmQ; bl 



Die I z=,l„ Google 



dou 



ISO opTte*. 

the whole rod isbelOTrth«irateT, noniehdislortodi^tpeaniice 
i> obwrred, beeaiue then all tb« lays are re&acted eqnoUj. 
For the reMon juBt explahied, peraons are often aeceired 
respect to the aepth of water, the refraction making it ap- 
ar mach more shallow than It really is ; and there is no 
>ubt hat the most serious accidents luive often happened to 
those who hare |^one into the water under such deception ; 
ttr a pond which is really six feet deep, will appear to the eye 
only a Uttle more than /our feet deep. 

Refiection of Light. 
If a hoy throws his tell a^inst the aide of a house swiftly, 
and. in « perpendicniar direction, it will bound back nearly in 
tiie line m which it was thrown, and he will be able to catch 
it with hia hands j but if the ImJI be thrown obliauelv to the 
right, or left, it will bound away from the side of the house in 
the same relative direction in which it was thrown. 

The reflection of light, so far as regards the line of ap- 
proach, and the Une of leaving a reflecting 
Elg, 136. eurfece, is governed by the same law. 

« Thus, ii^a sun beam, fig. 125, pa««Qg 

H through a small &[>erture in the window 

II I shutter a, be permitted to fall upon the 

I^^H^^^^ plane mirror, or looking glass, c, d, at 
H 1^ right angles, it will be reflected back at 

H ti^i angles with the mirror, and therefore 

^ will pass back sgain in exactly the same 

direction in which it approached. 
But if the ray stiikes tiie mirror in an oblique direction, it 
fig. 13G. ^'1^ '^'^ ^ thrown ofi* in an oblique di- 

rection opposite to that in which it was 
thrown. 

Let a ray pass towards a mirror in the 
line 0, c, fig. 126, it will be reflected off in 
the direction of c, d, making the angles 1 
and 2 exactly equal. 

The ray a, c, is called the incident ray, 

and the ray c, d, the Tefiected ray ; and it 

S^ is found in all cases, that whatever aa^e 

the ray of incidence makes with the reflect- 

WhT doea the wiler in a pond sppearleM deep Ihan it wtSij it "i Siq^xMe 

■ nm beun fkll upon a, plaiie ndrm at light anglei with iti nii&ee, in wbil 

direction will it be leflected 1 Snpoite tin nv fidb abliqiKJ]> on toi sm&o^ 

in what arecckni win it then be refieeted 1 mat is an inddoit ra; of fiAl t 



D,mi,.=db,Gop>ilc 





HtRBOBS. Vt% 

iog fliiHbee, or with b perpendicnlar Hne draws 
from the reflectiiiz aarttce, exactly the same 
uule is made by ue reflected nj. 

From these ftcta, uise the general kir in 
optica, that the anffle of refiecfian ia equal ta 
we OTigle of incidence. 

The ray a, c, &g. 137, is the ray of incidence, 
and that from c to if , ia the ray of reflectiotv. 
The angles which a, c, make with the perpen- 
dicular line, and with the plane of the mirror, 
is exactly equal to those made hy c, d, with 
'' eame pcvpetidicular, and the same plane 

Mirrors. 

Mirrors are of three kinds, namely, plane, convex, and con- 
cave. They are made of poliehed metal, or of glass covered 
on the beck with an amalgam of tin and quicksilVer. 

The common looking glass is a plane mirror, and consists 
of a plate of ground glass so highlv polished as to permit the 
rays of light to pass through it with little interruption. On 
the back of this plate is placed the reflecting surface, which 
consists of a mixture of tin and mercury. The glass plate, 
therefore, only answers the purpose of siistaining the metallic 
surface in iM place,-— of admitting the rays of li^ht to, and 
from it, and of preventing its surface from tamishmg, by ex- 
cluding the air. Conld me metallic surlace, however, he re- 
tained in its place, and not exposed to the air without the glass 
plate, these mirrors would be milch more perfect than they 
are, since, in practice, glass cannot He mode ao perfect as to 
tmnaniit all the rays of light which fitll on its surface. 

When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, thai when the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the op- 
posite dii-ection. 

This ia the leaeon why the images of objects can be seen 
when the objects themselves are not visible. 

What gcucml Ian in optica nsulla fnna obserraUona on Ae indent and 
reflected n.ya 1 How many kindi of ndnon are then 1 What tdnd of 
tumor ti the caaantm looking gUisI Of iriial me ii the idww plate in da 
if 111* minor r^ 
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Wig- laa Suppoae the mirror a h, 6g. 1S8, to be 

placed on the side of b room, and a lamp 
to be set in another room, bat so ratua- 
ted, as that its light would shine npon 
the glasa. The lamp itself could not be 
_£ Been by the eye placed at e, because Ak 
partition d is between them; but it« 
image would be visible at e, because the 
angle of the incident ray, coming front 
the light, and that of the reflected ray 
which reaches the eye, are equal. 

An image from a plane mirror appean 
to be just as far behmd the mirror, aa the 
obJ€Ct is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdratra from it, his image appears to be moving 
backward at the same rate. For the same reason the different 
parts of the same object will appear to extt,<d as fiir behind 
the mirror, as they are before it 

If, for instance, one end of a rod two feet long be made U.- 
touch the surface of such a mirror, this end of the rod, and itti 
image, will seem nearly to touch each other, there being onlj 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its inuge, will appear to be 
equally distant from the point of contact 

The reason of this is explained on the principle, that tht 
angle of incidence and that of reflection is equal. 




Ilg.129, 




the arrow a, to be the 
object reflected by the mirror d c 
fig. 128; the incident rays a. 
flowing from the end of the ar 
row, being thrown back by reSec- 
don, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye ia before it, 
as at o. Therefore, by the same 



Ex^Jaiit fig. 138, utd show how the inuige of an object can be leaii hi a 
{ilaiie nuiToi, when tbe real object ie inviitble. The imwB of en oUact 
■mpeen juit ee tn betund s fUtue nunoi, u the olject ii bran it ; espaoB 
fig IS9, uid ihow whjr Ihii h the cue. 



...Gooylc 



HIHR0B8. 163 

bw, the reflected rays, where they meet the ere st e, appear 
to diverge from b point A, itut as &r behind ue mirror, aa a 
is before it, and conaeqnenlfy the end of the arrow most re- 
mote fi^im the glass, will appear to be at A, or the point where 
the approaching rays would meet, were they continued on- 
ward behind the glasB. The raya flowing from every other 
part of the arrow ToUow the same law ; and thus every part 
of the image seema to be at the same distance behind the 
mirror, that the object really is before it 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any'distance from it whatever. 

This IS also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated, m> 
that the ray of light from the eye &lls perpendicularly upon 
die mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the imaD;e of the eyes and face are formed, will be nearly ptf 
rallel, whUe the ray flowing from his feet will fall on tbe mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other raya by which the im- 
age of the diflerent parts of the person is formed. 

Fig- ISO. Thus suppose the mii^ 

ror c e, fig. 130, to be just 
lulf as long as the arrow 
placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at a, and &Uing perpen- 
dicularly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of tbe 
image will appear at b, in the aame line, and at the same dk- 
tance behind the glass that the arrow is before it But the 
ray flowing from the lower extremity of the arrow, will foil 
on the mirror obliquely, as at e, and will be reflected under 
the same angle to the eye, and therefore the extremity of the 

What miul be Ihemmparatite length ofapluieiinnOT, in iriiich n-germa 
ua.j *ee hti irtu^ imagel In -what put of tba inuge, fig. 130, ue the 
tnniipntsl snd raOeded nyi newly pudU 1 WIij does tbs inu^ of 0» 
lower put of the uraw appear U dl 
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seen at d. The rays flowing from the other parts of the 
arrow, will obeerre the same law, and thus the whole imag^ 
is seen disdnctly^, and in the same position as the object 

To render this atill more obvious, suppose the mirror to be 
removed, and another arrow to be placed in the position where 
its image appears, behind the mirror, of the same length aa 
the one before it. Then the eye, being in the same position 
as represented in the figure, would see the different parts of 
the real arrow in the same direction that it before saw the 
image. Thus the rav flowing from the upper extremity of the 
arrow, would meet the eye in the direction of b c, while the 
ray comuig from the lower extremity, would fall on it in the 
direction o{ ed. 

Rg- *3L Convex Mirror. A convex mir- 

ror is a part of a sphere, or globe 
reflecting from the outside. 

Suppose fig. 131 to be a sphere, 
then the part from atno, would be 
a section of the sphere. Any part 
c of a hoUow ball of glass, with an 
amalgam of tin and quickailTer 
spread on the inside, or any part 
of a metallic globe polished on the 
outside, would form a convex mir- 




The axis of a convex mirror, is a 

line as cb, passing through its centre. 

Rays of light are said to diverge, 

•~0, when they proceed from the same 

, point, and constantly recede from each 

' other, as from the point a, fig. 132. 

' Rays of light are said to converge, 

when they approach each other in 

siich a direction as finally to meet at a point, as at I, fig. 138. 

The image formed by a plane mirror, as we have dready 

seen, is of the same size as the object, but the image reflected 

from the convex mirror is always smaller than the object 

SuppoM the mirror, %. 130, to be ramoied, and an urow of the nnw 
leogih to be placed where the image appeared, nould the direction of the 
!*;& from the arrow be the wme that the? were fiom theimwel Whatia 
AcantBZiairTarl What i> the azia of ■ coOTex miina T WWaiediio^ 
ingnyil What (tncouTei^iigTajBl 
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The law which aovema the passage of light with respeet to 
ihe angles of incidence and reflection, to and from the eoD- 
vez mirror, is (he same as already stated, for die plane mirror 
From the surface of a plane mirror, parallel rays are reflect' 
ed parallel ; but the convex mirror causes parallel rays felling 
on its Bnrfoce to diverge, by reflection. 

Fig. 133. 1*0 tnake this imderstood, let 

1, a, 3, fig. 133, be paraUel rays, 
felling on the surface of the con- 
vex reflector, of which a would 
be the centre, where therefleclor 
a whole sphere. The ray 3 is 
perpendicular to the snruce of 
the mirror, for when continned 
in the same direction, it etrikes 
the axia, or centre of the circle a. 
The two rays 1 and 3, beina 
parallel to this, all three would 
fall on a plane mirror, in a per- 
pendicular direction, and conse- 
Siently would be reflected in the lines of their incidence. 
ut the obliquity of the convex sur&ce it is obTious will 
render the direction of the rays 1 and 3, oblique to that sur- 
face, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rsya falUng on any part of 
this mirror, in a direction, which, if continued through the 
circumference, would strike the centre, are perpendicular to 
the side where they fell. Thus, the dotted hnes c a, and d 
a, are perpendicular to the surface, as w^ as 3. 

Now the reflection of the ray 2, will be back in the line of 
its LQcidence, but the rays 1 and 3, falling obliquely, are re- 
flected under the same angles at which they fall, and therefom 
their lines of reflection will be as fer without the perpendicular 
lines c a, and <f a, as the lines of their incident rays, 1, and 3, are 
within them, and consequently they will diverge in thfrdirec- 
tion of e and o ; and since we always see the image in the ^- 
rection of the reflected ray, an object placed at 1, would ap 
pear behind the surfece of the mirror at n, or in the direction 
of the line o n. 



tarl Are puallel lays t 
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Perlnpe the sut^l of the ecmrex nurrorwillbebettertmcler- 
■tood bj conBidenng its BUi&ee to be formed of a number ol 
plftne mir&ces, indefinitely smaU. In this case, each poini 
from which a ray is reflected, would act in the same mannet 
as a plane mirror, and the whole, ui the manner of a number 
of minttte mirrors inclined from each othw. 

Pig- 134. 8ui5»ose a and 6, fig. 134, tobe 

* ' thepouiisonaconTexmirrorfrom 

which the two parallel rays, c and 
d, are reflected. Now, from the 
smfiice of a plane mirror, the re- 
flected rays wouli be parallel, 
whenever the incident ones are 
BO, because each vill fall upon the 
surface under the same angles. 
But it is obvious in the present 
case, that these rays fall upon the 
surfoces a, ind h, under di^rent angles, as regpeets the sur- 
feces, c, approaching in a more oblique direction than d ; con- 
sequendy c is reflected more obliquely than d, and the two 
reflected rays, instead of being parallel, as before, diverge in 
i\s direction of n and o. 

Fig. 135. Again, the two converging 

rays a and h, fig. 136, without 
the interposition of the reflects 
ing sur&ces, would meet at c, 
but because the angles of refiec- 
' tion are eaual to those of inci- 
dence, and because the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in> 
stead of meeting at the same 
'^ distance before Uie mirror, that 

" c is behind it, are sent off in 

the direction of e, at which point they meet 

" TliuspaToUelTays falling ona convex laiTTOT, are render- 
ed diverging by reflection ; converging rays are made less 
convergent, or parallel, and diverging rays more divergent. 

8 the action or the convei miiToi illuMraled by a nuiDber of 
■an t Eiplun fig. 135. What eflect doeg ths convex imrror 

" " " What ia ila e&ct on coamginf 
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*Vbe effect of Ae canTezmirror, ihenforetis todispeiM the ■ 
rays of light in all direetioiis ; and it is proper here to remini] 
the pnpilt that olthoagh the rays of light are represented on 
|Mtper by single lioee, there are in fact probably inilliona of raysi 
{tfoceeaing irom every point .of all visible bodies. Only a 
comparatiTely email nuniber of these rayst it is true, c&n enter 
the eye, for it is only by those which proceed in straight linei 
from the different parts of the object, and enter the pupil, thai 
the sense of vision is excited. 

Now, to conceive how exceedingly small mnrt be the pro ■ 
portion of light thrown off, from, any visible object which en- 
ten the eye, we must consider that the same object reject* 
rays in every other direction, as well aa in that in which it ia 
seen. Thus, the gilded ball on the steeple of a church may 
be seen by millions of persons at the same time, who stand 
upon the ground ; aqd were millions more raised above these, 
it would be visible to all. 

When, therefore, it is sud, that the convex mirror disperses 
the rays of light which &11 upon it from any object, and when the 
direction of these reflected rays are shown only by aiBgle lines, 
it must be remembered, that each line represents pencUs of 
rays, and thai the light not only flows from the parts of the ob- 
ject thus designated, but from all the other parts. Were this 
not the case, Uie object would be visible only at certain points. 
The images of objects reflected from uie convex mirror 
appear curved, because their different parta are not equally 
idistant from its surface. 

Vig, 136. If the object a, be placed 

obliquely before the convex 
V' mirror, fig. 136, then the con- 
verging rays from its two ex- 
tremities falling obliquely on 
its surface, would, were they 
prolonged through the mirror, 
meet at the point c, behind it. 
But instead of being thus con- 
tinued, they are tbown back 
by the mirror, in less conver- 
Do the raji of light piDcaed only fins^eitremitieaofoMecti, as nipr»- 
mted in fisims, <n ftom all theiTpaitsf Do tnibttm of S$U ptoeeed- 
ing ftom an obfMt enter the eye, or only a few of tbcmf Wltat noiild be 
dte eeneeqimce, if tbs nyeof Utfit cacMeded only fttmllieputa ofu) ob- 
JacttlMwuiDdiigTainet Wl^r » ttH ioMgeB of oljnti leflnted ftom a«h 
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* gent lines, which meet the eye M c, it beings u we bare •een, 
one of the properties of this mirror, to reflect converging rayi 
less convergent than before. 

The image being atwa^ seen in the direction fi-om which 
the rays approach the eye, it appears behind the mirror at d. 
If the eye be kept in the same position, and the object a, be 
moved further from the mirror, its image will appear smaller, 
in a proportjon inversely to the distance to which it is re- 
moved. Consequently, by the same law, the two ends of • 
straight object will appear smaller than its middle, bcesose 
they are further from the reflecting sur&ce of the mirror. 
Thus, the images of straight objects, held before a convex 
mirror, appear curved, and for the same reason, the featurea 
of the face appear out of proportion, the nose being too large, 
and the cheeka too sma]], or narrow. 

The reason why the ima^e appean lees than the object is, 
that the convex surface of the mirror has the property, as sta 
ted above, of decreasing the convergency of the incidental 
nys by reflection. 

' Now, objects appear to us large or small, in proportion to 
the angle which the rays of light, proceeding from their ex- 
treme parts f(»7n, when they meet at the eye. For it is plain 
that the half of any object will appear under a less angle than 
the whole, and the quarter under a less angle still. Therefore 
the smaller an object is, the smaller willbe the angle under 
which it will appear at a given distance. If then a mirror 
makes the angle under which an object is seen smaller, the 
object itself will seem smaller than it really is. Hence the 
Fig' t37. image of an object, when re- 

* '*"^ i fleeted from the convex mir- 
ror, appears smaller than the 
object itself. This will be 
understood brfig. 137. 

Suppose the raj^s flowing 
firom the extremities of the 
object 0, to be reflected back 
to c, under the same degrees 
of convergence at wiiich they 
strike the mirror, then as in 

WbydolbefefttniMofthe&ceapptMr ontofpmpoitiim, by this Dmroi: 1 
VTb? doea an image TeBected &om a emrex nwce a^qieu nmUIra Ihu dte 
Meett 'W^dDMtheh«lfof«ioliiectkpp«utodiB«T«"a»^thui tbe 
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the plane ndrror, Ae famge d, would ^peai (tf the same bim 
as toe object a; for if the rays from a' were prolodged behind 
the niiiTor, they would meet at ^ but forminK the eame an^le, 
by reflecdoli, that they would dOi if thus profonged, the obiect 
aeea from b, and its miage from c, would appear of the same 



But instead of this, the rays from the arrow a, being ren- 
bered leas conrerKent by reflection, are continued onward, and 
meet the eye under a more acut^ angle than at c, the angle 
Doder which they actually meet, beine represented at e, con- 
seqnently the imafe of the object is ^ortened in proportion 
to the acuteness of this angle, and the object appears diminish- 
ed, as represented at o. 

Fig. 13a The image of an object, as alrea- 

dy stated, appears less as the ob- 
ject is removed to a greater dis- 
tance from the mirror. 

To explain the reason of this, let 
us suppose that the arrow a, fig. 
133^ is diminished by reflection 
from the convex surface, so that ita 
image appearing at d, with the eye 
at c shall seem as much smaller in 
proportion to the object, as d is less 
-__ _. Now, keeping the eye at the same distance from the 
mirror, with^w the object, so that it shall be equally distant 
with the eye, and the image will gradually diminish, as the 

The reason of this will be made 
plain by the next figure; for as the 
arrow b moved backwards, the an- 
gle at c, fig. 139, must be diminish- 
ed, because the rays flowing from 
the extremities of the object All a 
greater distance before they reach 
the surface of the mirror ; and as 
the angles of the reflected rays 
bear a proportion to those of tne 

Soppoae the uigles c md b, Bg. 137, ax equal, will there tie anj difierenco 
between Ihe dze of &e object and ila image 1 Hon in Che image oflected, 
when the object ia willidiami from the sumce of a coniei minor 1 Ex- 
plain figores 138 and 139, and show the reason irhj the hnsgea are diminiih- 
•d irbm the oljeda ud lemorsd Erom the convex ndrror. 
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inddent ones, so the angle of Tision vOl becotne less in pro 
portion ui the object 7b withdrawn. The effect thernbr* 
of withdrawing the object, is first to lessen the distance be- 
tween the converging nys, flowing from it, at the point where 
thev strike the mimlt, and as a consequence to dtminieh die 
angle under which the reflected nys coDTey its image to the 
eye. 

In the plane mirror, as already shown, the image appears 
esBclly as &r behind the mirror as the object is before it, but 
the convex mirror shows the image just under the surface, or, 
when the object is removed to a distance, a little way behind 
it. To understand the reason of this difference, it must be 
remembered, that the plane mirror makes the image seem as 
&r behind, as the ot^ect is before it, because the rays are re- 
flected in the same relative positioQ, at which they tall upon 
its surface. Thus, parallel rays are reflected parallel ; diver- 
gent ra]rg equally divergent, and convergent rays equally con- 
vergent. But the convex mirror, as also above shown, reflects 
convergent rays less convergent, and divergent rays more di- 
vergent, and it is from this property of the convex mirror that 
the image appears near its surface, and not as for behind it as 
the object is before it, as in the plane mirror. 
^^ Elg. 14D. • ^t u« suppose that a, fig. 140, is a 

^^^ ' ^ luminons point, from which a pencil of 

diverging rays fell upon a convex mir- 
ror. These raya, as already demon- 
strated, will be reflected more divergent, 
and consequently will meet the eye at e, 
ui a wider state of dispersion than they 
, fell npon the mirror at o. Now, as the 
image will appear at the point where 
" " the diverging rays would converge to a 
foeufl in a contrary direction, were they prolonged behind the 
mirror, so it cannot appear as far behind the reflecting surface 
as the object is before it, for the more widely the rays meeting 
at the eye are separated, the shorter will be the distance at ' 
which they will come to a poinl. The ima^e will therefore 
appear at n, instead of c^pc^ring at an equaldistance behind 
the mirror that the object a is before it. 

What ii Bud to be the flnt cdect irf wkhdnwiiu the objod fl 
c&ve sur&ce, uid whu Ibe coDMquMiM 01 ' ^ ' ' — '- 
flun the reMoD why tt" ' 




the flnt cdect irf wkhdnwiiu the objod ftom a o 
UlbecoaMqu«iieeoatheaii^afrBflMle<lr>.7a1 I 
7 the fanige ^ipears aeu the larfiwa of m coni 
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ConcoM Mirror. Th& tbxpe of the eoneaoe mirror, u ex- 
actly like that of the coavex mirror, the only difference be- 
tween them being in reapect ta Uieir reflecting snr&ces. The 
rejection of the concave mirror takes place from its inside, 
or concave enrfiice, while that of the cohtox mirror is from 
the ontside, or convex surface. Thus the section of a metallic 
sphere, poUshed on both aides, is both a concave and convex 
mirror, aa one or the other side is employed for reflection. 

The effect and phenomena of this mirror will therefore be, 
in many respects, directly the contrary from those already de- 
tailed in reference to the convex mirror. 

From the plane mirror the relation of the incident rays are 
not changed by reflection ; from the convex mirror they are 
dispersea ; but the concana mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 

The snr&ce of the concave mirror, like that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity. 

The laws of inca^ce and reflection, are the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

^- UI. In reference to the concave mirror, let 

us, in die first place, examine the effect of 
two plane mirrors inclined to each other, 
as in fie. 141, on parallel rays of light. 
The incident rava, a and b, being parallel 
before they reach ^e reflectors, are thrown 
off at unequal angles in respect to each 
other, for a fidls on the mirror more ob- 
liquely than a, and consequently is thrown 
off more obliquely in a contrary direction, 
_ . therefore, tiie aisles of reflection being 

equal to those of incidence, the two rays meet at c. Thus we 
see that the effect of two plane mirrors indined to each other, 
is to make parallel rays converge and meet in a focus. 

Wlot is the ihue of the conetTe DUiror, tatd In vfaot nspect doa it (US' 
fiom^cramxnnnoil How mvr etmvex and eoDeaveninoTt beoniiad 
* Wh*t ii lbs difienoce of efieet between tlte cvo- 
. Oke nfleded njsl bi what 
w a nmulxr of Uuw nAnnl 
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llie swne result would take place, whether the ndiTor wu 
one conttamed eirde, or an infinite number of amalt mirrors 
inclined to each other in the eante relation as the different 
parts of the drde. 

The eflect of this mirror, as we haTe seen, being to render 
parallel rays convergent, the same principle will render di- 
verging rays parallel, and converging rays still more conver- 

The foeaa of a concave mirror is Ihe point where the T«ya 
are brought toother by reflection. The centre of concavity 
in a concave nurror, is the crattre of the sphere, of which the 
mirror is a part In Idl concave mirrors, uie focus of parallel 
ra^, or rnya falling directly from the sun, is at the distance 
of half the semi-diameter of the sphere, or globe, of which the 
reflector is a part 

Rg. 1®. Thus, the parallel rays 1, 

2, 3, &c. fig. 142, all meet 
at the point o, which is 
half the distance between 
the centre a of the whole 
, and the surfitce 
'. - of the rBflector,and there- 
by" fore one quarter the dia- 
— ; — meter of thewhole sphere, 
i of which die nurror is a 

_l part. 

/■ In concave mirrors of 

' all dimensions, the re- 

flected rays follow the 
same law ; that is, para]' 



sphere of which they are sections. This point ia called the 
principal foc^is of the reflector. 

But if the incident rays are divergent, the focus will be re- 
moved to a ereater distance &om the surface of the mirror, 
than when they are parallel, in proportion to their diver^^ey. 

This mi^ht be inferred from the general laws of incidence 
Bnd reflection, b^t ffiU be made obvious by fig. 143, where 



What b dw Ilea* of a woMTC mitKn 1 Al irtut AtUM ftom Us nt^ 
ft" baa fce w of p waBil wja JB Bds ntoa^ Whati».a*{riiidFdfcoai 
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the diveiving reys 1, S; 3, 4, form a fo- 
cus at the p<Hnt o, whereas had ibey 
been parallel, their focus would have 
been at a. That is, the Kctu&l focus- is 
at the centre of the sphere, instead of 
being half way between the centre and 
circumference, as is the case when the 
incident rays are parallel. The real 
focus therefore is beyond, or witiiont 
the principal focus of the mirror. 
By the same law, coDTorginf rays will 
form a point wiAia the principal fo- 
cus of a mirror. 

Thus, were the rays fellioc on the 
mirror, fig. 144, parallel, the focus 
would be at a ; but in consequence of 
their previous convergency, they are 
brought together at a less distance 
than the principal focus and meet at o. 
The images of objects reflected by 
ft conrex mirror we have seen, are 
smaller than the objects themselves. 



Bat the 




when the ob- 
ject is nearer to it than 
the principal focus, pre- 
sents the image larger 
'than the object, erect, 
and behind the mirror. 

To explain this, let ns 
suppose the object a, Jig. 
146, to be placed before 
die mirror, and nearer 
to it than the principal 
focus. Then tiie rays 
proceedii^ from ine 
extremities of die ob- 
ject without inlermptioii 
would continue to di- 
rerge in the lines o and 



tinddmt TajiandinrpttiWlwMwa baaufbcwl If the inal. 
rsaMcomqiniLwlMniril baths tKOil Whoi wU tba ioisga 



ExjUa «g. l«l, and dww «l9 tha ill 
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M, OS Hen bdiindlbe mirror; but by reflection the]ru«iinde 
to diverge lew than before, and c<»iseqnena]r to nuke the an- 
gle under wMcb ifae^ meet more obtuse at the eye b, than it 
would be if they continued onward to e, where they woidd hare 
met without reflection. The result, therefore, ia to render 
the image A, upon the eye, as much larger than the object a, 
as the angle at the eye is more obtuse than the angle at e. 

On the contrary, if the object is placed more remote from 
the mirror than the principal focus, and between the focus and 
the centre of the Bpnere of which the reflector is a part, then 
the image will appear inverted on the contrary aide of the cen- 
Rg. 14ft tre, and forther 

from the mirror 
than the object ; 
. thus, if a lamp be 
I placed obliquely 
I before a concave 
mirror, as in fig. 
146, its image 
will be seen in- 
verted in the lur on the contrary side of a perpendicular line 
through the centre of the mirror. 

From the property of the concave mirror to form an invert- 
ed image of the object suspended in the air, many curious and 
euiprising deceptions may oe produced. Thus, when the mir- 
ror, the object, and the light, are placed so that they cannot 
be seen, (which may be done by placing a screen before the 
light, and permitting the reflected rays to [lass through a small 
aperture in another screen,) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persona walking with their heads downwards 
and cups of water turned bottom upwarda without spilling a 
drop. Again, he sees clusters, of delicious fruit, and when 
invited to help himself^ on reaching out his hand for that pur- 
poae, he finds that the object either suddndy vanishes from 
nis sight, owing tobia hiving moved his eye out of the proper 
range, or that it is intangible. 

lltia kind of deception may be illustrated by any one who 
fasa a concave mirror only of three or torn inchea in diameter) 
in the following manner : 
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Buppoie the tumbler a, to be filled with water, and placed 
beyond the principal focua of the concave mirror, fig. 147, and 
so managea as to be hid from the eye c, by the screen b. 'Tba 
lainp by which the tumbler is illuminated must also be placed 
behmd the screen, and near the tumbler. To a person placed 
at c, the tumbler with' its contents will appear inverted at e, 
and suspended in the air. By carefiilly moving forward, and 
atiU heepng the eye in the same line with respect to the mir- 
ror, the person may pass his hand through the shadow of the 




tumbler j but without such conviction, any one unacquainted 
with such things, could hardly be made to believe Umt the 
image was not a reality. 

By placing another screen between the mirror and the im- 
age, and permitting the converging rays to pass through an 
aperture in it, the mirror may be nearly covered from the eye, 
and thus the deception would be increased. 

The image reflected fi^m a concave mirror, moves in the 
same direction with the object, when the object is within the 
principal focus ; but when the object is more remote than the 
principal focua, the image moves in a contrary direction 
from the object, because the rays then cross each other. If 
a man place himself directly before a large concave mirror, 
hot fertner from it than the centre of concavity, he will see an 
Inverted image of himself in the air, between him and the 
mirror, but less than himself. And if he hold out his hand 
towards the mirror, the hand of his image will come out to- 
ward his hand, and he may imagine that ne can shake hands 

Tlim I ill the manner in which n tnmbler nith iU contents may be made to 
•wm inrcrted in the nii. Why doee the iamge move in a contraiy dirocliDD 
&DD1 it! object, when ttle objecX ia beyond the prindpal fbciii % 
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with hii imam.. But if he reach his hand further towards 
the mirror, uke hand of the image will pass by his haod, and 
come between his hand and hia body ; and if he more his hand 
toward either side, the hand of the image will move in a con- 
trary direction, so thai If (he object moves one way the image 
will more the other. 

The concave mirror, having the property of converpng the 
raya of light, is equally efficient in concentrating the rays of 
heat, either separately, or with the light, Whrai, therefore, 
such a mirror is presented to the rays of the sun, it brings 
them to a focus, so as to produce degrees of heat in propor- 
tion to the extent and perfection of its reflecting surface, A 
metallic mirror of this Kipd, of only four or six mchea in dia- 
meter, will fuse metals, set wood on fire, &c. 

As the parallel rays of heat or light are brought to a fociw 
at the distance of one quarter of the diameter of the spheie, of 
which the reflector is a section, so if a luminous or heated 
body be placed at this point, the rays from such body passing 
to the mirror will be reflected from all parts of its sumce, in 
parallel lines ; and the rays so reflected, by the same law, will be 
brought to a focus by another mirror standing opposite to this 



Suppose a red- hot ball to be placed in the principal focaa 
of the mirror a, fig, 148, the ra^ of heat and light proceed 
ing from it will be reflected m the parallel lines 1, 2, 3, 
&c. The reason of this is the same as that which causes 
jnrallel r ays, when falling on the mirror, to be converged to a 

Will ihe conoBTB mirror concentrate the ray» afheit, M well aa thow of 

Bghtl SuppoM a luminous body be placedin tba focus ofa r ' 

in what diractMH nitl its ana be K^ectedl 
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taeaa. The «n^es of incidence bein; equal to those of reflec- 
tion, it makee no difierence in this respect, whether the raya 
paaa to or from the focua. In one case, parallel incident rays 
from the sun, are concentrated by reflation ; and in the other, 
inddent direrging rays, from the healed liall, are made paral 
lei by reflection. 

The rays therefore, flowing from the hot ball to the mirror 
a, are thrown into parallel tinea by reflection, and these reflect 
ed rays, ia respect to the mirror &, become the rays of inci- 
denee, which are affain brought to a focus by reflection. 

Thus the heat of the ball, by beinz placed in the foctn of 
one mirror, ia brought to a fbcus by ute reflection of ihe other 
mirror. 

Several striking experimenta may be made with a pair of 
concave mirrors placed &dng each other as in the figure. If 
a red hot baH be placed in the focus of a, and some gun pow- 
der in the focus of b, the mirrors being ten or twenty feetapart, 
aecordiiw to their dimensions, the powder will flash by the 
heat of ue ball, concentrated by the second mirror. To show 
that it is not the direct heat of the hall wbicfa seta fire to the 
powder, a paper screen may be placed between the mirrors 
sntil every thmg is ready. The operator will then only have 
ia remove the screen, in order to flash the powder- 
To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of h, and when the ball is 
so cool as not to be luminous, remove the screen, and th« 
phosphorus will instantly inflame. 

'■Jtefraction by Lenses. 
. A Lens ia a transparent body, generally made of glaas, and 
K> shaped that the rays of light in passing through it are ei- 
ther collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small fl&t hean. 

It has already been shown, that when the rays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fall 
perpendicularly on the surjace of the medium. 

The point where no refraction is produced on peipendicu- 
hr rays, is called the axis of the lens which is a right line 
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paafiing through lbs centre, and perpendiculu' to both iu snr- 

In every beun of light, the middle rar is called its axi», 

Raye of light are raid to fkll direcUy upon a leiu, when 
their axes coincide with the axes of the fens ; othemriae th^ 
are Raid to &11 obliquely. 

The point at nhich the ntys of the sun are collected, by 
passing through a lens, is ealted the principalfocua of that lens. 

Leneee are of Tarious kinds, and have received certain names, 
depending on their shapes. The different kinds are shown 
at fig. 149. 

Fig. 149. 



A prism, seen at a, has two plane surfaces, a r, and a f, in 
clined to each other. 

A plane glass, shown at b, has two plane surfaces, parallel 
to each other. 

A spherical lens, c, is a ball of glass, and has every part of 
'te surface at an equal distance from the centre. 

A double concave lens, d, is bounded by two convex surftces 
opposite to each other. 

A plano-concave lens, e, is bounded by a convex sur&ce on 
one side, and % plane on the other. 

A double-concave lens,f, is bounded by two concave spheri- 
cal surfaces, opposite to each other. 

A plano-concave lens, g, is bounded by a plane surface on 
one side and a concave one on the other. 

A meniscus, ft, is bounded by one concave and one convex 
spherical surface, which two surfaces meet at the edge of the 
lens. 

A concavo-convex lens i, is bounded by a conc&ve and eon- 
Tez sur&<,c, hut wluch diverge from each other, if continued. 

What IB the aiia of a lens 1 In nbat psit of a lens ia do teftaetian pro- 
dncedl Wheieistheukofftbeamofl^htl WLen ueraya of light nU 
toM diiectly upoD ft \em\ How numT kinl« of lenwa an meiSioiMdi 
WWislhenuiMofeuhl Bow an etch oTttKwlraMi bounded t 
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■. The efiects of die prism on the rays of light win be shown 
in another place. The refraction of the plane glass, bends the 
parallel rays of Ugbt equally towards the perpendicular, as 
already shown. The sfttere ia not oflen employed as a lens, 
-since it is inconvenient m use. 

Conoex lens. It has been shown in a former part of this 
article, that when a ray of^ light passes obliqoeiy out of a 
rarer into a denser medium, it ii refracted, or turned out of 
its former course. 

Suppose, then, there is presented to the rays of light, a jriece 
of glass, with its surface so shaped, that all the rays, eacept 
those which pass thraueh its axis, are refracted towards the 
perpendicular, it is obrious that they would all finally meet 
thejierpendicular ray, and there form a focus. 

Im focal distances of -convex lenses, depend on their de- 
grees of convexity. The focal distance of a single, or plano- 
convex lens. Is the diameter of a sphere, of which it is a sec- 
Fig. INL If the whole circle, fig. 
150, be considered the 
circumference of a sphere 
of which the plano-convex 
lena, & a, is a section, 
then the focus of parallel 
rays, or the principal fo- 
cus, will be at the oppo- 
site side of the sphere, or 
ate. 

The focal distance of a 
double convex lens, is the 
radius, or half the diameter of t|,ie sphere of which it is a part. 
Hence the plano-convex lens, being one half the double con- 
rex ley, the latter has about twice the refractive power of 
the former ; for the rays suffer the same degree of refraction 
in [nssinf out of the one covex sur&ce, that they do in pass- 
ing into me other. 




Ooiriut dothi baJaXHMiMof crana looMadn 
oal&tance of any plaixHomTBilraial Wlut iid 
anUe oarex IbmI WIlU b ths dupe of die dont 
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The ahftpa of the doii> 
Ue convex lens, d c, fig. 
161, is that of two phno* 
eonrez letuee, placed vith 
thdr idane anr&eea in 
etntact, and eonseqnootl^ 
the focal diitanee of tbu 
leai is nearly the centre of 



the sphere of which one of 
' its surfaceB is a parL If 
parallel rays iiill on a con- 
vex lens, it is evident that 
the ray only, which penetrates the axis and passes towards the 
centre of the »)here, will proceed without refraction, as shown 
in the above figures. All thA others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de 
pending on the convexity of the lens. 

If diverging rays felt on the sur&ce of the same lens, they 
will by re&action, be rendered less divergent, paraHel, or con- 
vergent, according to the degrees of their divergency, and the 
conrexi^ of the anrftce of Qie lens. 

Fif. 153. Thus, the diverging 

rays I, 2^ &c. fig. 
lE^ are re&acted 1^ 
the lens a o, in a de- 
gree just sufficient to 
render them parallel. 
and therefore would 
pass off in right 
lines, indefinitely, or 
without ever forming 
afocns. It is obvious 
u divergent, ^ were 
eraysinfig. ISxwould 
become convergent, instead of parallel, because the same re- 
fractive power which would render divergent rays parallelt 
would nwke parallel rays Gonverg«it, and ccmverging rayv 
still iDpre convergent 
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IIru, the peniHk ot conrerging nj% 
fig. 163| are rendered still more conver- 
geet hy their paasoge tbroi^h the Ieiu» 
and ue therefon brought to a focua aea^ 
er the lena, in proportioii to their prenoui 
conrergency. 

The eye glasws of spectacles for old 
people are double convex lenaee, more or 
less spheiicai, accordiug to the age of die 
persottior the mandiying power reijuired. 
The common burning glusee, whidi are used for Ughting 
ragars, and^ometimeB tor kindling fires, are also convex len- 
ses. Their effect is to concentrate to a focus, or point, the 
heat of the sun which tails on their whole surface ; and hence 
Ate intensity of their e%cts is in proportion to the extent of 
their aur&ces, and their focal lengths. 

One of the largest burning gmsses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diameter) 
with a focal distance of three feet nine inches. But in order 
to increase its power still more, he employed another lens 
about a foot in diameter, to bring its rays to a smaUer focal 
point. This apparatus gave a most intense decree of heat, 
when the sun was clear, so that 30 grains of golawere melted 
by it in 4 seconds, and ten grains ofplatina, the most infusible 
of all metals, in 3 seconds. 

It has been explained, that the reason why the convex mir- 
ror diminishes the images of objects ii, that the rays whidt 
come to the eye from the extreme parts of the object are ren- 
dered less convergent by reflection, from the convex sur&ce, 
and that, in consequence, the angle of vision is madeanora 

Now, the refractive power of the convex lens has exactly 
the contraty effect, since by converging the rays flowing from 
the exitemities of an objecC the visual angle is rendered more 
obtuse, and therefore all objects seen through it appear mag- 



Wbat kind oflnuMuespectsdeglanealbr old peodel What ii said t» 
ie the diameter of Mr. Puker'a gnat coaiezkiuil Wbat is tke fbcU £•■ 
'■tMXoCtimleiat WbatWmSdofilBheatingponnl What !B.tJie nmul 



D,mi,.=db,Goo<ilc 



SnppOM ibe elject a, Sg. 
164, appears to the naked e^e 
of the imgth represented in 
> the drawing. Now, as the raya 
coming from each end of tlis 
object, form, by their conTcr- 
gence at the eye, the viaval angle, or the angle under which 
Sie object is aeen, and we call objects larM or small, in [pro- 
portion M thia angle is obtnH or acute, if therefore the object 
a be wi&drawn further from the eyej it is apparent that the 
rays o, o, proceeding from its extremitiea, will enter the eye 
under a more acnte angle, and therefore, that th^ object vnll 
amiear dimirashed in proportion. This is the reason why 
things at a distance appear smaller than when near iib. When 
near, the visoal angle is increased, and when at a distance, it . 
is diminished- 
Fig. 155. The effect of the convex lens is to in- 
crease the visual angle, by bending the 
rays of light coming m>m the object, so as 
to make Uiem meet at the eye more ob- 
tusely ; and hence it has the same effect. 
, in respect to the visual angle, as bringing 
the object nearer the eye. This is shown 
by fig, 165, where it is obvious, that did 
the rays flawing from the extremities of 
the arrow meet the eye without refraction, 
die visual angle would be less, and therefore the object woiild 
appear shorter. Another efiect of the convex lens, is to ena- 
ble us to see objects nearer the, eye, than without it, as will be 
explained under the article vision. 

Now, as the rays of light flow from all parts of a visible ab- 
ject of whatever shape, so the breadth, as well as the lengtli, is 
increased by the convex lens, and thns the whole object ap- 
pears magnified. * 

Concave leiis. The effect of the concave lens is directly 
opposite to that of the convex- In other terms, by a concave 
Jens, parallel rays are rendered diverging, converging rays 
have their convergency diminished, ana diverging rays have 

Why docs the MiDB object, nhen at a distance, appeu Bniiilier Ihgu when 
ttazt Whit ia the effect of the mnyei lens on the ™ud BMie 1 Whj 
does in object appear laigei throneh the comei leni than oChem» 1 Whal 
btbe effect of the ccncave lenaf What eSect doe* thw lana have upn) 
pualM, diveigiDg, and eooveiging myt 1 
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tkeir dirargmey btBtnatH, accordiiig to die eonctTity of the 

These glasaea, tbereibre, exhiUt things smaller than they 
Teallj Bxe, for hy diminiahing the convergence of the rmya 
cotnmK &om die extreme points of an object, the visnal aone 
is rendered more acute, and hence the olxect appears dimiouhr 
ed by this lenH,-for ibe opposite reason tnat it is increased by 
the convex lens, lliis wul be made plain by the two follow- 
ing diagrams. 

~ "" Suppose the object o 6, fig. 156, 

to be placed at such a distance 
' from the eye, as to ^ve the rays 
flowing from it, tfie degrees of 
convergence represented in the 
figure, and suppose that the rays 
enter the eye under such an an- 
gle as to make the object appear 
two feet in length. 

Now, the length of the same obr 
ject, seen throuKh the concave 
lens, fiy. 167, will appear dimin- 
ished, oecause the rays coming 
from it are bent outwards, or made 
less convergent by refraction, as 
seen in the figure, and conse- 
quently the visual angle is more 
acute than when the same ob^ 
ject is seen by the naked eye. Its length, therefore, will ap- 
pear less, in proportion as the rays are rendered less conver- 
genL 

The spectacle glosses of short-«i^hted people are concave 
leases, tnr which die ima^ of objects are formed further 
back in the eye than otherwise, as wil) be explained under the 
next article. 

Vision. 
In the appUcation of th« principles of optica to the explan- 
ation of natural phenomena, it is necessary to give a descrip' 
tion of the most perfect of all optical instruments, the eye. 




lObject ippeui nualler Ituough 167. Whait detect in Ihe eye requtiN Qogr 
mnkoaMl Wlut ia the mM perfect of ill optical iQHT^mentt 7 
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174 VISION. 

FVKft Tig. 1B8 is 8 vertica. 

" ~ section of the hnnuncre. 

Its form is nearly globu- 
lar, with a sKght projec- 
tion or eloncation io 
front. ItconBials of four 
coats, or membranes ; 
namely, the sclerotic, the 
cornea, the choroid, and 
the retina. It has two 
fluids confined within 

these membraneb, called 

the agaeouSi and the vitreoiis humours, and one lens, caUed 
the crystalline. The sclerotic coat is the outer and strongest 
membrane, and its anterior part ia well known as the white of 
the eye. Tliis coat is marsed in the fi^re a, a, a, a. It is 
joined to the cornea, b, b, which is the transparent mem- 
brane in front of the eye, through which we see. The 
choroid coat is a thin, delicate membrane, which lines the 
sclerotic coat on the inside. On the inside of this liea the 
retina, d, d,d, d, which is the innermoEt coat of all, and is an 
expansion, or continuation of the optic nerve o. This extmn- 
sion of the optic nerre is the immediate seat of vision. The 
iris, 0, 0, is seen through the cornea, and is a thin membrane, 
or curtain, of different colours in different persons, and therefore 
gives colour to the eyes. In black eyed persons it is black, in 
blue eyed persons it is blue, &c. Throug-h the iris, is a cir- 
cular onenine, called the pupil, which expands or enlarges 
when the Ughl is faint, and contracts when it is too strong. 
The space Mtween the iris and the cornea is called the ante- 
Hot chamber of the eye, and is filled with the aqueous humor, 
so called from its resemblance to water. Behind the pupil 
and iris is situated the crystalline lens e which is a firm and 
perfectly transparent body, through which the rays of light 

Sass from the pupil to the retina. Behind the lens is situated 
le posterior chamber of the eye, which is filled with the vitre- 
oushumor, c, v. This humor occupies much the largest por- 

What IB tbi form of the homui e^ 1 Haw many coata, or membruiea, 
hu tbe eye 1 What aie ther calleil 1 How many flmdg haa the eye, and 
what am ihe^ culled 1 What ia tiie lens of the efe calkdl What 
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tioD of the whole eye, and on it depends the abape and per- 
manency of the organ. 

From the abore descripdon of (he eye, it will be easy to 
trace the pro^se of the rays of li^ht through its several parts, 
and to explain in what manner Tision is perfonned. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as here- 
tofore stated, and timt it ia necessaiy only for a few of the 
rays, when compared with the whole number, to enter the 
eye, in order to make the object visible. 

Rg- IM. Thus, the object a b, fig. 

169, beine placed in the light, 
sends forth pencils of rays in 
all possible directions, some 
of wnich will strike the eye in 
any position where it is risible. 
^These pencils of rays not only 
flow from the points designa- 
ted in the figure, but in the 
same manner from every other 
point on the sur&ce of a viai- 
^ ble object To render an ob- 
ject visible, therefore, it is only 
necessary that the eye shonld 
collect and concentrate a suf- 
ficient number of these rays 
on the retina to form its 
image there, and from thi> 
image the sensation of vision is excited- 
Fig. 160. 




From the luminous body I, fig. 160, the pencils of rays Sow 
in all directions, but it is only 1^ those which enter the pujal, 
that we gain any knowledge of its existence ; and even theee 
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ironld eoaref to the mind no distinct idea of the obiect, im- 
leH they were refncted by the humoura of the eye, for did 
dieae mrs proceed in A&i natural slate of divergence to the 
redna, toe image there formed would be too extensive, and 
consequently too feeble to give a disUnct peusation of the 
obwcL 

It is, therefore, by the refracting power of the aqueous 
,bumor, and of the crystalline lens, tlut the pencils of rays are 
ao concentrated as to form a perfect picture of the object on 
the retina. 

We have already seen, that when &e raysof light are made 
to cross each other by reflection from the concave mirror, the 
image of the object is inverted; the same happens when the 
nys are made to cross eacti other by retraction through a 
convex lens. This, indeed, miiat be a necessary consequence 
of the intersection of the rays : for sa hght proceeds in 
■trtiight lines, those rays which come from the lower part of 
sn object, on crossing those which come from its upper part, 
wiJl represent Ibis part of the picture on the upper half of the 
retiDB, and for the same reason the upper part of the object 
will be painted on the lower part of tiie retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical 
xtbject, is the lower end of its picture on the retina, and so the 
contrary. 

This is readily proved I^ taking the eye of an ox, and cut* 
ting away the sclerotic Coa). so as to mske it transparent on 
the bacl( part, next the vitreous humor. If now a piece of 
white paper be placed on this part of the eye, the images of 
objects will appear jigured on the paper in an inverted portion. 
"I^e same effect will be produced on looking at things through 
en eye thus prepared ; uiey will appear inverted. 

Why nouU not the rajBof light give a^Btinct ides of (be objoct withoot 
fafraction by the humors of the eyel Eipkiin how it ia that the inu^ ef 
tflgecta ore inTeitcd on the retina, 't^yult eipeiiment ptovei th*t thp imigqi 
«f object! an )Dveit«d o» Hv i^w f 
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I%.lffl. The actiql 

poiilion of the 
vertical object 
a, fig. 161, u 
painted on the 
® retina, is there- 
fore such ae i> 
represented by 
the figure. The 
rays from its 

upper extremity, coming in divergent lines, are conTerged 
br the crystallme lens, and foil on the retina at o; while 
Aaae from its lower extremity, fey the Bwne law, &1I on the 
retina at c. 

In order that vision may be perfect, it ia necessary that the 
images of objects should be formed prer.iaely on the retina, and 
consequently, if the refractive power of the eye be too small, 
or too great, the image \rill not fall exactly on the seat of vis- 
ion, but will be formed either before, or tend to fonn behind 
it. In both cases, perhaps, an outline of the object may be 
visible, but it will be conmsed and indistinct. 

If the coniea is too convex, or prominent, the image will be 
formed before it reaches the retina, for the same reason, that 
of two lenses, that which is most convex will have the least 
focal dislance. Such is tiie defect in the eyes of persons who 
are short sighted, and hence the necessity of their oringing ob- 
jects as near the eye as possible, so as to make the rays converge 
at the greatest distance behind the crystalline lens. 

The effect of uocommon convexity in the cornea on the 
rays of light, is shown at fig. 162, where it will be obaervj 
Fig. IG?. 




tfat the image, instead of being formed on the retina r, a 
Expkiii Eg. 161. Sappom the leftactiTe power of the c^e ii too gn>t v 
too little wh; will viaioa be impeiftct 1 If tbe cornea is too taatti, wlie|» 
win tkemut^befbnmd 1 
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nupended in the vitreous bamonr, in anseqnence of thei« 
b^g too great a relracliTe power in the ej^e. It is bardljr 
neeesaar^ to say, that in this case, vision must be very imper- 
fectlv performed. 

Tnia defect of sight is remeiUed by spectacles, the glassea 
of which are concave lenses. Such passes, by rendering the 
rays of light less convergent, before uiey reach Uie eye, Gonn- 
teract the too great convergent power of the cornea and lens, 
and thus throw the image on the retina. 

1£ on the contrary, the hnmours of the eye, in consequence 
of age or any other cause, have become less in quantity than 
ordinary, the eye bell will not be sufficieatly distended, aiul 
the cornea will become too £at, or not sufficiently convex, to 
niake the rays of tight meet at the' proper place, and the im- 
agb will therefore tend to be farmed b^ond the retina, instead 
of before it, as in the other case. Hence aged people, who 
labor under this defect of vision, cannot see distinctly at ordi- 
' nary distances, but are obliged to remove the object as far 
from the eye as possible, so as to make its refractive power 
bru^ the image within the seat of vision. 

The defect arising from this cause is represented by figure 

163, where it will be observed that the image is formed behind 

Fig. 163. 




the retina, showing that the conreuly of the cornea is not 
sufficient to bring the image within tlic seat of distinct vision. 
Thia imperfection of sight is common to aged persons, and is 
corrected in a greater or less degree by double convex lenses, 
such Bs the common spectacle glasses. Such glasses, by cans- 
ing the rays of light to converge, before they meet the eye, as- 



-, . . « ^htl Wbeieda^ njtteaita.. . . _. _ 
uniPA m uv. Buffidentlv 0011*81 1 How ia vision auialed vhen die q 
wantoconveiitjl How da convex leoaw be^ tlw ligbt of tged pM^I 



D,mi,.=db, Google 



naton. 1T9 

■tat thflKfractiTe power of (he ciyBbtnine lens, and thiM bring 
tbe foetu, or image, witUnthesdbcre of vision. 

It has been considered difficult to aceonnt for the reason 
why we nee objects erect, when they are painted on the retina 
inverted, and many learned theories have been written to ex- 
plain this &ct But it is most probable that this is owing to 
nabit, and that the image, at the bottom of the eye, has no re- 
lation to the terms above and below, bot to the position of our 
bodira, and other things which surround ns. The tenn j>er- 
pendicuiar, and the idea which it conTeva to the mind, is 
merely relative ; but when applied to an object supported by 
the earth, and extending towards the skies, we call the body 
erect because it coincides with the position of our own bodies, 
and we see it erect for the same reason. Had we been taught 
to read by tuminff our books upside down, what we now call 
the upper part of the book wonld have been its under part, 
and that reading would hare been as easy in that position as 
in any other, is plain from the &ct that printers read their 
type, when set up, as readily as they do its impressions on 
paper. 

Angle of Vision. The an^ under which the rays of light, 
coming fivm the extremitjes of an object, crosa each other at 
the eye, bears a proportion directly to the length, and inverse- 
ly to the distance of the object. 

Suppose the object a, b, fig. 164, to be four feet long, and 
to be placed ten feet from die eye, ihen the rays flowing fr^m 




its extremitiee, would intersect each other at the eye, under a 
given angle, which will always be the same when the object 

linndoweKethb^enct,wtMall»iinagaiaiBfaiTatcd wtbantfaMl 
What Is dw vInM ui^ 1 
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is «t the ittaS'disMncc. If Ae object be gradnBUr mortid td* 
wards the eye, to the place c ti, then the ancle wul be gndn- 
ally increased in quantity, and the object will appear &rgeT, 
since ita image on- the retina will be increased in length in the 
proportion as die lines i i are wider apart than o o.. On the 
contrary, were a b removed to a greater distance &om the 
first position, it is obvious that the angle would be diminished 
in ^oportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of hght, form an angle at the eye, 
which IS called uie visual angle, or the angle under which 
tMufl are seen. The lines ani therefore form one Tisual 
aSKM, and the lines end another visual angle. 

We see from this investigation, that the apparent magnitude 
of objects depending on the angles of vision, will vary accord- 
ing to their distances from the eye, and that these magnitudes 
diminish in a proportion inversely as their distances increase. 
We learn also, from the same principles, that objects of dif- 
ferent magnitudes may be so placed, with respect to the eye, 
as to give the same visual angle, and thus to make their appft- 
r«it magnitudes equal. Thus the three arrows a, e, and m 
though Offering so much in length, are all seen under die same 
visual angle. 

Id the apparent magnitude of otnectfl seen throogh a lens 
or when their images reach the eye by reflection from a mi^ 
ror, our senses are chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
objects, whose magnitudes werel>efore unknown, we are also 
guided more or leas by the visual angle, thou^ in this case 
we do not depend entirely on the sense of vision. Tlius if we 
see two balloons floating m the air, one of which is larger than 
the other, we judge of their comparative magnitudes by the 
difierence in their visual angles, and of their real raagmtudei 
by die same angles, and the distance we suppose them to ba 
&om us. 

But when the obieet is bear us, and seen with the naked 
eye, we then judge ofiti magnitude by out experiencei and no' 

How iMv thi iImmI u^ of dte HUM ol^ ba fnenaied « dmUdtad 1 
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euuiisly by the neiial angle. Thus, the three linvrs, a,e,n, 
fig. 164, all of them make the same ansle an the eye, and yet 
we know fay f\irther examination, that tney are aJ] of difierent 
leng^tfas. And so the two arrows a b, and c d, though deen un- 
der difierent visual angles, will appear of the same size, because 
experience has taught us that this difference depends only on 
the comparative distance of the two objects. 

Aa the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when tne distance is 
BO great as to make the angle too minute to be perceptible to 
the eye, then the object becomes invisible. Thus, when we 
watch an eagle, flying from na, the angle of vision is gisdinlly 
diminished, until the rays proceeding from the bird form an 
image on the retina too small to excite aensation, and then we 
ssy, the eagle has flown out of sight 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual angle is en- 
larged, by means of a convex lens, they become visible ; that 
is, their images on the retina excite sensation. 

Ilie actu^ size of an image on the retina, capable of exci- 
ting sensation, and consequently of producing vision, may be 
too sm^l for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image muSt be than 
the object, and that a human hair can be distinguished by the 
naked eye at the distance of twenty or thirty feet, we must 
suppose that the retina is endowed with the most delicate sen- 
sibility, to be excited by a cause so minnte. It has been es- 
timated that the image of a man, on the retina, seen at die dis- 
tance of a mile, is not more than the five thousandth part of 
an inch in length. 

On the contrary, if the object be brought too near the eye, 
its image becomes confused and indistiact, because the rajrs 
flowing from it, &11 on the crystalline lens in a state too divei^ 
gent to be refracted to a focus on die retina. 

When doa a retnating object bterane inTiHtJetotbefljel How don a 
eannzknaiettom&keusaaeatjectBwhkihueinvinUewithMttitl Wbat 
bnidof tbeactuslnteof uiinugatmtbenliiuil Wlijaraatjcatiiiidi*- 
■inct, ' wbm bftm^t too Dsar tbe m 1 
16 
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Pl«- 165' TMb will be apparent by t 

6g- 166, where we suppose 
that the object a, is bran^t 
within an inch or two of tke 
\ eye, and that the rays pro- 
' ceeding from it enter the pn- 

' pil so obliquely as not to be 
refracted by the lens, so aa 
to form a distinct image. 
' Could we see objects dis- 

linctlr at the shortest distMice, we should be able to examine 
...•iiga diat are now invisible, since the lisual angle would then 
be increased, and consequently the image on the retina en- 
larged, in proportion as objects were brought near the eye. 
This is proved by intercepting the most divergent rays ; in 
which case an object may be brought near the eye, and will 
then appear greatly magnified. Make a small orifice, aa a pia- 
nole, tnrou^ a piece of dark colored paper, and then look 
through the orifice at small objects, such as the letters of a 
print^ book. The letters will appear much magnified. The 
rays, in this case, are re&acted to a focus, on the retina, be- 
cause the small orifice prevents those which are most divergent 
from entering the eye, so that notwithstanding the neamesa 
of the object, the rays which fonn the image are nearly 
pwallel. 

Optical Instruments. 

Single Microscope. The principle of the single micro- 
scope, or convex lens, will be readily understood, if the pupil 
will remember what has been said on the retraction of lenses, 
in connexion with the facts just stated. For, the reason why 
objects appear magnified through a convex lens, is not only 
because the visuw^ angle is increased, but because when 
brought near the eye, uie diverging rays from the object are 
rendered parallel by the lens, and are thus thrown into a con- 
dition to be brought to a focus in the proper place by the hu- 
mors. 

SnppOH obJMta conld be Hen diatioctlTwithin an inch or two of the eye, 
how would thrai dimeiuioiu be iifficted % How U it prortd that objeei* placed 
netr the eve are magnified t How doM a BmalT orifice enable <u to eee 
an otjeet diatiiictl; neai the e;e1 Wily doei a amm, leni nuke U a)i}ac* 
dHtinctirtiBn neai theeje 1 
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Let 0, 6g. ie6. 

be the distance at 
which an olqect 
can be seen dia- 
tinctly, and b, the 
distance at which 
the same object is 
seen through the 
lens, and euppoae 
the distance of a, Irom the eye, be twice that of h. Then, be- 
cause the object is at half the distance that it was before, it 
will appear twice as large ; and had it been seen one tlurd, 
one fourth, or one tenth its former distance, it would hare 
been magnified three, four, or ten times, and consequently its 
surface would be increased 9, IG, or 100 times. 

The most powerful single microscopes are made of minate 
slobules of glass, which are formed by melting the ends of a 
few threads of spun glass in a cancfle. Small globules of 
water placed in an orifice through a piece of tin, or other thin 
aiibstance, will also make very powerful microscopes. In 
these nnnute lenses, the focal distance is only a tenth or 
twelfth part of an inch from the lens, and therefore the eye, 
as well as the object to be magnified, must be brought very 
near the instrument. 

The Compound Microscope consists of two convex lenses, 
by one of which the image is formed within the tube of the 
instrument, and by the other this image is magnified, as sem 
by the eye ; bo that by this instrument the object itself is not 
seen, as with the single microscope, but we see only its mag- 
nified image. 

The small lens placed near the object, and by which its 
image is formed within the tube, is culed the o^ect glass, 
while the larger one, through which the image is seen, is 
called the eye glass. 

This arrangement ia represented at fig. 167. The object a 
is placed a little beyond the focus of the object glass b, by 
which an inverted and enlarged image of it is formed withm. 
the instrument at c. This image ia seen through the eye 

Explain fitf. 166. How aie the moat ponerfhl uMfe nuenMOopa nwdel 
HoWDWnyMiatafinDthecampoDiidiiucToacopel Which ii the ol^ect umI 
whkk the eye {^imI b Iba iA)«et mm irith tbji butramBnt, or od; ito 
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glass d, by which it is again magnified, and it is at last figured 
on the retina in its original poBition. 

These glasses are set in a case of brass, the object glass be- 
ing made lo take out, ho that others of different tnagnifying 
powers may be used, as occasion requires. 

The Solar Microscope consists of two lenses, one of which is 
called the condenser, because itia employed to concentrate the 
rays of the sun, in order to illuminate more atrongly the object 
to be magnified. The other is a double convex lena, of con- 
siderable magnifying power, by which the image is formed 
In addition to these TenseB, there is a plain mirror, or piece of 
common looking-glass, which can he moved in any direction, 
and whidi reflects the rays of the sun on the condenser. 



The object a, fig. 168, being placed nearly in the focus of 
the condenser 6, is strongly illuminated, in consequence of the 
rays of the sun being thrown on 6, by the mirror c. The ob- 
ject is not placed exactly in the foe. of the condenser, be- 
cause, in most cases, it would be soon destroyed by its heat. 



Explain fig, 167, and show where the iKuteeiafwineilb Ibis tube. How 

many lensM haa the lolar micniscope 1 Why b 
■olar DUcroKope called lltf condansei f Describe U 



b one of the lemM of the 
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md because the focal point would illuminate onlr a imall 
extent of surface, but may be exactly in the focus of the small 
lens d, by which no such accident can happen. The Hnes o o, 
represent the incident rays of the sun, wtucb are reflected on 
the condenser. 

When the solar microscope is used, the room is darkened, the 
only light admitted being that which is thrown on the object 
bjr the condenser, which light passing through the small lens, 
gires the magnified shadow e, of the small object a, on the 
wall of the room, or on a screen. The tube containing the 
two lenses is passed tlirough the window of the room, the re- 
flector remairang outside. 

In the ordinarv use of this instrument, the object itself is 
not seen, but only its shadow on the screen, and it is not de- 
signed for the examination of opaque oliiects. 

When the small lens of the solar microscope is of great 
magnifying power, it presents some of the most striking and 
cunoua of optical phenomena. The shadows of mites from 
cheese, or figs, appear nearly two feet in length, presenting an 
appearance eiiceedingly formidable and disgusting ; and the 
msects from common vinegar appear eight or ten feet long, 
and in perpetual motion, resembling so many huge serpents. 

Telescope. The telescope is an optical instrument, employ- 
ed to view dbtant bodies, and, in effect, to bring them nearer 
the eye, by increasing the apparent angles under which such 
objects are seen. 

These instruments are of two kinds, namely, refracting, 
and rejUcting telescopes. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kiud, the image is seen by reflecUon from a mirror, while the 
beck is towards the object, or by a double reflection, with the 
fece towards the object. 

The telescope is the most important of all optical instrn- 
ments, since it unfolds the wonders of other worlds, and gives 
U8 the means of calculating the distances of the heavenlv bo- 
dies, and of expluning their phenomena for astronomical and 
nautical purposes. 

The principle of the telescope will be readily comprehend- 
ed after what has been said concerning the compound micro- 
flcope, for the two instruments differ chiefly in respect to the 



Ib 1^ object, or only the ahadmr, teea by thia instrument 1 What is a 
trieacopel How many kinds of telescopes are mentionedl Whstkthe illf- 
fivmce between them 1 In what napect does the minding telMoope dilftr 
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place of the object lens, that af the microecope haTing a short, 
while that of the telescope has a long, focal diatance. 

Refracting Telescope. The most simple refracting teles- 
scope consista of a tnbe, containing tvo convex lenses, ue one 
having a long, and the other a short, focal distance. (Ths 
focal distance of a double convex lens, it will be remembered, 
■a nearly the centre of a sphere, of which it is a part) These 
two lensen are placed in tiie tube, at a distance from each 
other equal to the sum of their two focal distances. 
fig, 169- 



Hus, if the focus of the object glass a, fig. 169, be eight 
inches, and that of the eye glass b two inches, then the dis- 
tance of the sums of the foci will be ten inches, and, there- 
fore, the two lenses must be placed ten inches apart; and the 
same rule is observed, whatever may be the foutl lengths of 
any two lenses. 

• Now, to understand the effect of this arrangement, iiuppose 
the rays of light, c d, coming from a distant object, 8« a staf, 
to fall on the object glass a, in parallel lines, and to be refract- 
ed by the lens Ko a focus at e, where the image of the -tar will 
be represented. This image is then magnified by the eye 
glass a, and thus, in effect, is brought near the eye. 

All that is effected by the telescope, therefore, is to f(>na an 
image of a distant object, by means of the object lef and 
then to assist the eye in viewing this image aa nearly a" pos- 
sible by the eye lens. 

It is, however, neccssair here to state, that by the last 
figure, the principle only of^the telescope is intended to be ex- 
plained, for in the common instnuoent, with only two glasses, 
the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where the 
directionoftheraysofhghtwillshow the position of the image. 



!o ri»T« Bput is frand 1 How do tlu tno gliisiw act, to bdaf aa 
uOieeyef 
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Siq^se a, fig. 110, to be a distant olnecl, from which pencils 
of rays flow fixim eveiy point toward the object lens b. The 
image of a, in consequence of the refi«ction of the rays by ' 
the object lens, is inrerted at c, which is the focus of the eye 
glass a, and through which ibe image is then seen, still in- 

The invemon of the object is of little consequence when 
the instrument is employed for astronamical purposes, far 
since the forms of the heavenly bodies are spherical, their po- 
, sitioos, in this respect, do not aSect their general appearance. 
But for terrestrial purposes, this is manifestly a great defect, 
snd therefore those constructed for such purposes, as ship, or 
spy glosses, have two additional lenses, by means of which, the 
images are made to appear in the same position as the objects. 
These are called double telescopes. 
Fiff. 171. 




Such a telescope s represented at flg. 171, and consists of 
an object glass a, and three eve glasses, b, c, and d. The eye 
glasses are placed at equal distances from each other, so 
tliat the focus of one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted through 
Uie other three lenses, to the eve. The rays coming from me 
object o, cross each other at tne focus of the object lens, and 
thtu form va inverted image at/. This image being also in the 

ErpUn fig. 110, utd ahow how the obtat toDca lo be inrerted by dw 
tarakoK*. Bow iitb*iimnian of the ohrat corrected 1 Explunfig, 171, 
" M make Iht knag* of A* olijMt neat. 
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focus of the first eye kIbbs, 6, the rays hfivin^ paaaed tbrongli 
this glass become parulel, for, we have seen, in another place, 
that oivernng rays are rendered parallel by refraction throii^ 
• convex fens. The rays, theretore, pass parallel to the next 
lens, c, bv which they me made to converge, and cross each 
other, ana thus the image is inverted, and made to assume the 
original position of the object o. Lastly, this image, being id 
the focus of the eye glass -d, is seen in the natural position, 
or in that of the object 

The apparent magnitude of the object is not changed by 
these two additional glasses, bntdepends, as in fig. ITO, on the 
magnifying power of the eye and object lenses ; the two glasses 
being added merely for the purpose of making the image ap- 
pear erect 

It is found that an eye glass of very high mngnifying pow- 
er cannot be employed in the refracting telescope, because it 
disperses the rays of light eo that the image becomes indis- 
tinct. Many experiments were formerly made with s view to 
obviate this difficulty, and among these it was found that io- 
creasiog the focal distance of the object lens, was the most 
efficacious. But this was attended with great inconvenience, 
and expense, on account of the length of tube which this mode 
required. These experiments were, however, discontinued, 
and the refracting telescope itself chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting telescope. 

Reficting Telescope. The common reflecting telescope 
consists of a large tube, containing two concave reflecting mir- 
rors, of ditfeTent sizes, and two eye glasses. The object is 
first reflected from the large mirror to me small one, ana from 
the small one, through the two eye glasses, where it is then 
seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope, with a focal length 
of a thousand feet, if it could be used, would not magnify £b- 
tinctly more than a thousand times, while a reflecting telescope, 
only ei^ht or nine feet long, will magnify with distinctness 
twelve hundred times. 

Does tbe additioTi of theee two lenses make hut difierence with the upA- 
rent mo^tude of the o^ect t Why cannot a. highly magnilyin^ eye gluB 
he used m the telsscope T What is the TOO«teffic»cioDBiDesnBOfmcre««mg 
if Che refractinir teleBCope 1 Haw many tensei and mimm (ana 
let^escopel Wtutare the advantafea oftlwnflMtiiig orct tba 
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The principle and constniction of the reflectinf telescope 
will be nnderatood by fig. 173. Snppoae the object o to best 
such a distance, that the rays of light from it pass ni parallel 
lines, ^, p, to the great reflector, r, r. This reflector being 
concave, the raye are converged by reflection, and cross each 
other at a, by which the image ie inverted. The raya then 
pass to the amall mirror, 6, which being aho concave, they are 
thrown back in nearly parallel lines, and having passea the 
aperture in the centre of the great mirror, fall on the plano-con- 
vex lens e. By this lens they arc refracted to a focus, and 
cross each other between e and d, and thus the image is again 
inverted, and brought to its orignal position, or in the position 
of the object. The raya then, passing the second eye glass, 
form the image of the object on the relina. 

The large mirror in this inslniment is fised, but the small 
one moves backwards and forwards, by means of a screw, so 
aa to adjust the image to the eyes of different persons. 
Both mirrors are made of a composition, consisting of several 
metala melted together. 

One great advantage which the reflecting telescope posseae- 
es over the refracting, appears to be, that tt admits of an eye 
g;las9 of shorter focal distance, and consequently, of greater 
magnifying power. The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by retrac- 
tion. This difficulty does not occur in the reflected unage 
from the metallic mirror of the reflecting telescope, and conse- 
quently it may be distinctly seen, when more highly magnified. 

The instrument just described is called " Gregory's teles- 
cope," because some parts of the arrangement were invented 
by Dr. Gregory. 

Rt|i1«1h fig. IIS, andahontbe eonm of the n.ya from the abject to the eye. 
Why la the HDftll jramv in thb iiutiument made to more by mesns of & aeiew 1 
What is the sdrontageofthe reflecting teleoci^ in iwpect to dwevegbwl 
Wh; Bi Ihe teleecope with two leflecton called Gregory ■ tclOKOpa 1 
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In (he tekocope made by Dr. Henchel, th« object is reflect 
ed 1^ a nurror, me in that of Di. Gregory. Bat the second, 
<a small reflector, is not employed, the image being seen 
dirongb a conrez lens, placed so as to maniify the imare of 
the large mirror, ho that the otwerrer stands with his back to- 
wards Uie object 

The magnifying power of this instrument is the same as 
that of Dr. Gregory's, but the image appears brighter, because 
there is no second reflection ; for every reflection renders the 
Image fainter, since no mirror is so perfect as to throw back 
all uie rays which fall upon its surface. 

In Dr-Herschel's grand telescope, the largest ever con- 
structed, the reflector was 48 inches in diameter, and had a 
focal distance of 40 feet This reflector was three and a hall 
inches thick, and weighed 2000 pounds. Now, since the fo- 
cus of a Gon(»ire mirror is at the distance ofone half the semi- 
diameter of the sphere, of which it is a eecdon, Dr. Herschel's 
reflector having a focal distance of 40 feet, formed a part of ' 
a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished four 
years afterwards. The frame by which this wonder to all as- 
tronomers was supported, having decayed, it was taken down 
in 1832, and another of 30 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by Herschel's son. 

The largest Herschd'a telescope now m existence is that 
of Greenwich observatory, in England. This has a concare 
reflector of 15 inches in diameter, with a focal length of S5 
feet, and was erected in 1820. 

Camera Obscura. Camera obscura strictly signifies a dark- 
ened chamber, because the room must be darkened, in order 
to observe its efTects. 

To witness the phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the light Theo 
from an aperture, say of an inch in diameter, admit a single 
beam of light, and the images of external things, such as trees, 
and houses, and persons walking the streets, will be seen 
inverted on the wall opposite to wnere the Ught is admitted, or 
on a screen of white paper, placed before the aperture. 

How doea t 

WM the fbcj _ 

(rincope? Where ia Iha hncat . ., ... _ 

What IS the diameter uxl fbed dirtaoM of the reflector of thii 



D,mi,.=db, Google 



CAMERA OBSCDRA. 



191 




The reason why the image is inverted, will be obviooa, 
when it is remembered that the rays proceeding from the 
extremities of the object must converge in or»Sr to pass 
through the small aperture ; and as the rays of light alwava 
proceed in str^ghl lines, they must cross each ouier at tne 
point of admission, as explained under the article Vision. 

Pig. ra. ^ Thus the pen- 

cil a, fig. 173, 
coming from the 
upper put of the 
tower, and pro- 
ceeding straight 
will represent 
the image of that 
part at b, while 
the lower part 
c, for the same 
reason will be 
represented at d. If a convex lens, with a short tube, be pla- 
ced in the aperture through which the hght passes into the 
room, the images of things wiU be much more perfect, and 
ibm colora more biiltiant. 

This instrument is sometimes 
employed by painters, in order 
to obtain an exact delineation of 
a landscape, an outline «f the im- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica 
tions of this machine, and among 
; them the revolving camera' ob- 
ecnra is the most interesting. 

It consists of a small house, 
fig. 174, with a plane reflector, 
a b, and a convex lens, c b, pla- 
ced at its top. The reflector is 
fii«d «t an angle irf 45 degrees 
with the horizon, so as to reflect 



Fig. 174, 




WlQrig theinispi fanned by the a 
DVtlfaie of the imue formed t^ llw ei 



mimartedl Bownuijaa 
nbetdml DeMaiUllM 
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ihe rtys of light perpendicular „ 

reToIve quite around, in either direction, by pulling a string. 

Now suppose the small house to be placed in the open air, 
with the mirror a b, turned towards the east, then the rays of 
lirht (lowing from the objects in that direction, will strike the 
mirror in the direction of the lines o, and be reflected down 
through the conTex lens c b, to the table e e, where they will 
form in miniature a moat perfect and beautiful picture of the 
landscape in that direction. Then by making the reflector 
revolve, another portion of the landscape may be seen, ud 
thus the objects in all directions can be viewed at k without 
changing the place of the instrument 

The Magic Lantern. The Magic Lantern is a microscope, 
on the same principle as the solar microscope. But instead 
of being usea to magnify natural objects, it is commonly em- 
ployed tor amusement, by casting the sludows of small trans* 
parent paintings done on glass, upon a screen placed at a pro- 
per distance. _ 



Let a candl^ c, fig. 175, he placed on the inside of a box* or 
tube, so that its light may pass through the plano-convex lena n, 
and strongly illuminate the object o. This object is generally a 
small transparent painting on a slip of guss, which sliaes 
through an opening in the tube. In order to show the figures in 
the erect position, uiese paintings are inverted, since their sha- 
dows are again inverted by the refVacdoa of the convex lens m. 
In some of these instruments, there is a concave mirror, d, 
by which the object, o, is more strongly illuminated than it 
would be by the lamp alone. The object is magnified by the 
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doable convex lens, m, wliiih ia moreable in the tube by s 
BcreW) so that its focus caa be acljnsted to the required dis* 
laace. Lastly, there ie & screen of white cloth, placed at the 
proper dietance, on which the image, or shadow of the pic* 
tore, is seen great];^ magTiified. 

The jttctures, beiiiA oT rarious colors, and so traiisparent, 
that the light of the lamp Bhines through them, the shadows 
are also o? various colors, and thiu soidiere and horsemen 
aT« represented in their proper costume. 

Chromatics, or the philosophy of Colors, 

We have thus far considered light aa a simple substance, 
and have supposed that all its parts were equamr refracted, in 
its passage tbrough the several lenses describetC But it will 
now be shown that light is a compomid body, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through a piece of 
glass, of a certain shape. 

The diacovety, that light is a compound substance, and 
that it may be decompoa^ or separat»i into parts, was made 
by Sir Isaac Newton. 

If a ray, proceeding from the sun, be admitted into a dark- 
ened chamber, througn an aperture in the window shutter, 
and allowed to pass through a triangular shaped piece of glass, 
called a prism, the light wilt be decompoaed, and inatead of a 
spot of white light, there will he seen on the opposite widl, a 
most briUiant display of colors, including eU those which are 
ieen in the rainbow. 
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SupsoM s, 6g. I'M, to be a ray from dW boo, admitwd 
Arougn the vindow ■hntler a, In Bacb a direction as to ftJl on 
the floor at c, wiiere It would fomi a Foand, white spot NoWi 
OD interposing the prism pf the ray wiD be refracted, and at the 
same time decomposed, and will lonn on the icreen fli n, an 
oblong 6gaie, contaimng seven colors, which will be aitualed 
in respect to each other, as named in the figure. 

It may be observed that of all the colors, the red is least 
refracted, or is thrown the amaUest distance from the direc- 
tion of the original sun beam, and that die riolet is most re- 
fracted, or bent out of that direction. 

The oblong image containing the colored rays, is called 
die solaT or prisviatic spectrvm. 

That the raya of the sun are composed of the seren colors 
above named, ie sufficiently evident by the fact, that such a 
ray is divided into these several colors by passing through 
the prism, but in addition to this proot it a found by experi- 
ment, that if these several colors be blended ormixedtogeth 
er, white will be the result. 

This may be done by mixing together seven powders, whose 
colors represent the prismatic cofors, and whose quantities are 
to each other, as the spaces occupied by each color in the 
spectrum. When this is done, it wiD be fovmd that the re- 
sulting color will be a grevish white. A still more satia&ctory 
proof that these seven colors form white, when united, is ob- 
tained by causing the solar spectrum to pass throueh a lens, 
by which they are brought to a focus, WDen it is fotmd diat 
the focus will be the same color as it would be from the 
original mys of the sun. 

From the oblons shape of ibe solar (^lectmm, we lesm that 
each of the colored rays ia refracted in a difierent denee Iqr 
passing Uirough die same medium, and consequently that each 
ray has a refractive power of its own. Thus from the red to 
(he violet, each ray In aaccesaion, is refracted more than the 
other. 

The prism is nut the wdy instmntent by which light can be 



TcndpinaUk colon uebkodcdjiAatctto is the RMdtl WboitliaKdsi 
s u sc liuui li made to pui thioagli a tarn, iriul is lbs coktof the fiienT 
How do we feun that eieh eolracal nj b* • itbttAn pawn of its Mtnl 
By wbit odur DMuu beiide tlw pdan, can tlw n^s of B^ bo doe 
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deeomposed. A Bwp bobble Uowa up in the B\m vUl display 
RiMt of the priemadc colors. This is tccounted for by aup- 
porinf thM the side* of the bubble tut in thickaesa, tnd 
that we nyti o{ light are decomposed by these rariatiotu. 
The unequal surface of mother of pearl, and many otbei shells, 
settd forth colored rays on the same principle. 

Two sur&ces of polished slass, when pressed together, will 
aho decompose the lighL Rings of coUired light vill be ob- 
aerved round the poiat of contact between the two sur&ces, 
and tbejr number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking glass, 
pressed together with the &igera| will dieplay most of the 
priamalic colors. 

A vaiiety of substances, when thrown into the form of the 
triangular prism, will decompose the rays of light, as well as 
aprigm of glass. A very common instrument for this purpose 
is made by putting together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edff^ cemented with puttr, so as to make the whole, water 
tight When this is fillecl with water and held before a sun 
beam, the solar spectrum will be formed, displaying the same 
colors, and in the same order, as that above described. 

In making experiments with prisms filled with difierent 
kinds of liquids, it has been fbuna that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of the spectrum, will be thrown 
&rther apart by one fluid, than by another. For example, if 
the prism be filled with oil of cassia, the spectrum formed by 
it will be more than twice as long as ^t formed by a priam 
of solid glass. The oil of cassis is therefore said to disperse 
the raya of light more than glass, and hence to have a great- 
«r dispersive power. 

The Rainbow. The rainbow was a phenomenot), for which 
the ancients were entirely unable to account; but after the 
discovery that light is a compound principle, and that its col- 
ors may be separated by various substances, the sohition of 
this phenomenon became easy. 

Sir Isaac Newton, afier his great discovery of the compound 
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BBtnre of Uffht, and the iSttemai refrangUnlit^ of ths colored 
njs, waa sUe to explain the rainbow on optical principles. 

If a glass fflobe be sospended in a room, where the rays of 
Ae snn can fill npon it, the light will be decompoaed, or sepa- 
rated into sereral colored rays, in the same manner as is 
done by the prism. A well defined spectrnm will not, how- 
ever, be fonned by the globe, because its shape is soch as to 
disperse aome of the rays, and conyerge others ; but the eye, 
by taking different positiona in respect to the globe, will ob- 
servo the rarious priamatic colors. Transparent bodies, 
such aa glass and water, reflect the rays of light tram both 
their auriaces, but chiefly from the second surfece. That is, 
if a plate of naked glass be placed so as to reflect the image 
of the aun, or of a kmp, to the eye, the most distinct image 
willcoraefrom the second surface, or that mostdistant from the 
eye. The great brilliancy of the diamond is owing to thia cause. 
It will be understood directly, how this principle applies to 
the explanation of the rainbow. 

Fig "T. Suppose the 

circle a b c, fig. 
1T7, to represent 
a globe or a drop 
of rain, for eacn 
drop'of rain,asit 
-^L blla through the 
'' air, is a small 
globe of water. 
Suppoae,, alao, 
that the aun is at 
s, and the eye oi 
the spectator at£. 
How, it has already been alated, that from a single ^lobe, the 
whole solar spectrum is not seen in the same position, hut 
that the difierent colors are seen from different places. Sup- 
pose then, that a ray of light from the aun 5, on entering 
the globe at a, ia separated into its primary colors, and at the 
same time the red ray, which is the least refrangible, is refract- 
ed in the line from a to 6. From the second, or inner eur- 
&ce of the globe, it would be reflected to c, the angle of re- 

Who finrt eipluiwd the rainbow on opi 
^wa globe fcno ■ well defined ipectrum * 
rent bodka chiefly rrfect the light 1 F— '-' 
wflTuAioiu, and toe tf"—^— 
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tfee^tMiMng Mini to diat of fiuideiice. On paaung onl of 
the globe, ita iwraction at e, would be just equal to the refrac- 
tion of Ae ineideat nj at a, and therefore t£e red ray would 
fkll on the eye at e. AJ] the other colored ravB would folloir 
the ume law, but becauM the angles of incidence and thofle 
of reflection are equal, and because the colored rays are seia- 
rated from eachiotner, by unequal refraction, it is obvious that 
if HtK red ray entered the eye at e, none of the other colored 
rays could be Be«n from the aame point 

From this it is erident, thi^ if the eye of the spectator JB 
moved to another poaitioD be will not see the red rav coming 
&om the some drop of rain, but only the blue, and if to ano- 
ther poiition, the greeni and so of all the o^ers. But in a 
riiower of rain, there are drops at all heights, and dislances, 
and though they perpetually change their places, in respect to 
tiie sun and the eye, as they mil, still there will he many 
which will be in such a position as to reflect the red rays to 
the eye, and as many more to reflect the yellow rays, and ao 
of all the other colors. 
Flg.na 




This will be made 
obvious by fig. ITS, 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequently, 
only three colon 
are to be seen. 

The numbers 1, 
3, 3, are the rays of 
the aun, proceeding 
to the drops a, b, 
e, and from which 
these rays are re- 
flected to the eye, 
making different 
L angles with th« 
^^ horizontal line h, 
because one colored 
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ray is refncted more Hiui another. NowsnppoHdMrednt)' 
omy reachet the eye from the drop a, the ^reen from the drop 
b, and the violet from the drop c, tiien the spectator vould see 
ft minute rainbow of three colors. But during a shower of mn, 
all the drops which are in the position of a, in respect to the 
eye, woula send forth red rays, and no other, while those in the 
position of b, would emit greea rays, and no other, and those in 
the position of e, violet rays, and so of all the other prismatic 
colors. Each circle of colors of which the rainbow is formed, 
is therefore compoaed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these coltffs are dis- 
tinct to our senses, is, that we see only one color from a single 
drop, with the eye in the same position. It follows, then, that 
if we change our position, while looking at a rainbow, we still 
see a bow, but not the same as before, and hence, if there are 
many spectators, they will all Bee a different rainbow, though it 
appears to be the same. 

There are often seen two rainbows, the one formed as 
above described, and the other which is fainter, appearing 
on the outside, or above this. The eecendu^ bow, as this 
last is called, always has its order of colors the reverse of the 
primary one. Thus the colors of the primary how, beginning 
with its upper, or oulennost portion, are red, orange, yellow, 
&.C. the lowest, or innermost portion being violet, while the 
secondary bOw, beginning with the same corresponding part,, 
is colored, violet, indigo, &c. the lowest, or innermost circle 
being red. 

In the primary bow we have seen, that the colored raya 
arrive at the eye after tVo refractions, and one reflection. 
In the secondary bow, the rays reach the eye after two re- 
fractions, and two reflections, and Uie order of the colors b 
reversed, because in this case, the rays of light enter the 
lower part of the drop, instead of the upper part, as in the 
primary bow. The reason why the colors are fainter in the 
acconffitry than in the primary bow is, because a part of the 
Kght is lost or dispersed, at each reflection, and were being 
two reflections, by which this bow is fom.ed, instead of one, 
as in Uic primary, the diflerence in brilliancy is very obvions. 

Do terend peracniB see the nine lainbow aX the siime tbne 1 EitJein Iha 
reaion of ttua. How are the eakm of the primai; uid Keondiu; bows ar 
raided in leqiect to each other ? How many lefirBClloiu and TeflecliDni]S» 
Jnce the leixiiidaiT bmr 1 Why i*>lhe Mcondaiy bow \m briSiatt tliui Iha 
(tjmairt 



..Google 



aAINBOW. 



The dkeetion of & single ray, Bhowing how the eecondai^ 
how la formed, will be seen at fig. 179. 
Rb- I'M- 




tion, and lastlyi passes to the eye of the spectator at e. 

The runbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions, in respect to the 
shower. It assumes the form of a semicircle, because it is only 
at certain angles that the refracted rays are risible to the eye. 

Of the colors of things. The light of the sun, we have 
seen, may be separated into seren primary rays, each of 
which has a color of its own, and which is different from that 
of the others. In the objects which surround v.s, both naturah 
and artificial, we obserre a~great variety of colors, which dif- 
fer from those composing the solar spectrum, and hence one 
might be led to beUeve that both nature and art afford col- 
ors different from those .afforded by the decomposition of the 
Bolar rays. But it mnst be remembered, that the solar spec- 
trum contains only the primary colors of nature, and that by 
tnbdnff ^ese colors in various proportions with each other, 
an indefinite variety of tints, all diflering from their primaries, 
m^ be obtained. 

It appears that the colors of all bodies depend on some pe- 
culiar property of their surfaces, in consequence of which, 
they absorn some of the colored rays, and reflect the others 
Had the sar&ces of all bodies the property of reflecting the 
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nine ny otilf, sQ nttnre woold dind^ the monotony ot s 
ungle color, sod our seiuM would never bare known tlw 
cfaunu of that variety which we now behold. 

All bodies appear of the color of that Taylor of a dnt depend* 
iog on the seTerttl mya which it reflects, while all the <tthei 
raya are absorbed, or, in other temiH, are not reflected. Black 
and white, therefore, in a philoaophical sense, cannot be coou* 
dered as colors, since the &nt arises from the absorption of all 
the rays, and the refleclioa nf none, and the last is produced 
by the reflection of all the ravs, and the absorptioa of none. 
But in all colors, or shades of' color, the rays only are reflect- 
ed, of which the color is composed. Thus the color of grass, 
and the leaves of plants is green, because the surfaces of these 
•obstaaces reflect only the greea rays, and absorb aU the others. 
For the same reason the rose is red, the violet blue, and so ot 
oil colored substances, every one dirowisg out Uie ray of its 
own color, and absorlnng all the others. 

To account for such a variety of colors as we see in differ* 
ent bodies, it is supposed that ail substances, when made suf* 
ficiently thin, are transparent, and consequently, tliat they 
transmit through their surfaces, or absorb, certain rays ot 
bght, while other rays are thrown back, or reflected, as above 
described. Gold, for example, may be beat so thin as to 
transmit some of the rays of light, and the same ia true ol 
several of the other melaU, which are capable of bein^ ham- 
"•tnered into. thin leaves. It b therefore most probable, that 
all the metals, could they be made sufficiently thin, would 
permit the rays of light to pass through them. Most, if not 
quite all mineral substances, though in tlie mass ihey may 
seem quite opaque, admit the light through their edges, when 
broken, and almost every kind of wood, when made no thinner 
than writing paper, becomes iranslucent. Thus we may sid^ 
ly conclude, tnat every substance with which we are ac- 
quainted, will admit the rays of light, when made sufficiently 
Ihin. 

Transparent colorless substances, whether oolid or Ami 
such as glass, water, or mica, reflect and transmit light of the 
nme color ; that is, the light seen through these holies, and 
reflected &om their sur&ces, ia white. This is true of all 

Why are not bbck, and white, unuijered u eobm 1 Why n tbe color 
at gnM gneo 1 How ta Ibe variety of colon aocoimled tbr, by cot u tde t inK 
an bcdia tnuMpanntT What b said of tin nflcctkn ofBofaied figktbr 
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tnosparent sobetancea nnder ordiuaiy cirnanstances ; but ff 
their thickness be dinumahe^ to a certain extent, these sub- 
stances will both reflect, and transmit colored light of variouE 
hnei, according to their thickneBs. ' Thus the thin plates of 
mica, which are left on the fingers, afler handling that sub- 
stance, will reflect prismatic rays of various colors. 

There ia a, degree of tenuity, at which transparent substan- 
ces cease to reflect any of tiie colored rays, but absorb, or 
tntnsniit them all, in which case tbey become black.' This 
may be proved by varioug eiperimenta. If a soap bubble be 
closely obserred, it will be seen that at iirst, the tliickoess is 
anfficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it bursts, there may be seen 
a spot on its top, which turns black, thus traasmitting all the 
rays at that part, and reflecting none. The same phenome- 
non is exhibited, when a film of air, or water, is pressed be- 
tween two plates of glass. At the point of contact, or where , 
the two plates press each other with the greatest force, there 
will be a black spot, while around this, there may be seen a 
system of colored rings. 

From such experiments. Sir Isaac Newton concluded, that 
air, when below' the thickness of half a millionth of an mck, 
ceases to reflect light; and also that water, when below the 
thickness of three eightfis of a Tnillionth of an inch, ceases to 
reflect light But that both air and water, when their thick- 
ness is in a certain degree above these limits, reflect all the 
colored rays of the spectrum. 

Now all solid bodies are more or less porous, having among 
their particles either void spaces, or spaces filled with some 
foreign matter, diflering in density from the body itself, such 
u air or water. Even gold is not perfectly compact, since 
water can be forced through its pores. It is most probably 
then, that the parts of the same body, differing in densitVi 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proof of this, 
it is found that some bodies transmit the rays of one color, 
and reflect those of another. Thus the color which passes 
through a leaf of gold is green, while that which it reflects is 
yellow. 
From a great variety of experiments on this subject. Sir 

What nibetance is menUcned, as itlustrating this Diet t When is it said 
that tnmeparent sabatanceH Ytfetaae "iAack 1 How is it proved that fludi o) 
•itKOM taasitj, timoib all the laja and reflect nonel 
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Inac Newton concludes that the transparent parts of Imdies, 
according to the sizes of th^ transparent pores, reflect rajrs 
of one color, and transmit those of another, for die same rea< 
son Uut thin plates, or minute particleB of air, water, and some 
other substancea, reflect certain ravs, and absorb, or transmit 
others, and that this is the cause of all their colors. 

In confirmation of the truth of this theorj", it may be obserr- 
ed, that many substances, otherwise opaque, become trans- 
.parent, by filUng their pores with some transparent fluid. 

Thus the stone called Hydrophane, is perfectly opaque, 
when dry, but beccunes transparent when dipped in water; 
and common writing paper becomes translucent, after it has 
absorbed a quantity of oil. The transparency, in theae cases, 
may be accounted for, by the different refractive powers 
which the water and oil possess, from the stone, or paper, and 
in consequence of which the light is enabled to pass among 
tlieir particles by refraction. 



ASTRONOMY. 

Astronomy is that science which treats of the motions and 
appearances of the heavenly bodies; accounts for the pheno- 
mena which these bodies exnibit to ua, and explains the laWn 
by which their motions, or apparent motions, are regulated. 

Astronomy is divided into Descriptive, Physical, and Prac- 
tical. 

Descriptive astronomy demonstrates the magnitudes, distan- 
ces, and densities of the heavenly bodies, and explains the 
phenomena dependant on their motions, such as tlie change 
of seasons, and the vicissitudes of day and night. 

Physical astronomy explains the theory of planetary mo- 
tion, and the laws by which this motion is regulated and su»- 
lained. 

Practical astronomy details the description and use of as- 
tronomical instruments, and developes the nature and appli 
cation of astronomical calculations. 

The heavenly bodies are divided into three distinct classes, 

)f Sit Inao Ifewton, con 
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or lystems, namely, the solar syBtem, counBticg of the mm, 
moon, and planets, tiw Bystem of the fixed atora, and the ly^ 
ten of the comets. 

TV Solar System. 

The Solar system conrists of th« sun and twenty>nine other 
bodies, which revolve around him at variam distances, and in 
varioua periods of tkae. 

The bodies which revolve around the sun as a centre* are 
called primary planets. Thus, the Earth, Venus, and Mars, 
are primary planets. Those wbieh revolve around the prima- 
ry planets,. are called secondary planets, vioons, or aaXellitea, 
Oar moon ia a secondary planet or satellite. 

The primary planets revolve around theeun in the following 
order, and complete their revolutiona in the following times, 
computed in our days and years. Bemnnine with that nearest 
to the Bun, MercuryperformB his revolution in 87 days and ^ 
hours ; Venus, in 2^ days, 17 hours ; the Earth, attended by 
the moon, in 365 days, 6 hours ; Mars, in 1 year, 333 daya ; 
Ceres, in 4 years, 7 months, and 10 days ; Pallas, in 4 yeara, 
7 monthn, and 10 days ; Juno, in 4 years and 128 days ; Ves 
ta, in 3 years, 66 daya, and 4 hours ; Jupiter, in 11 years, 315 
days, and 16 hours; Saturn, in 20 years, 161 days, and 19 
hours ; Herschel, in 83 years, 342 days, and 4 hours. 

A year consists of the time which it takes a planet to per- 
form one complete revolution through its orbit, or to pass once 
around the sun. Our earth performs this revolution in 366 
days, and therefore this is the period of our year. Mercui^ 
completea her revolution in 88 daya, and therefore her year is 
no longer than 88 of our days. But the planet Herschel is 
oitnated at such a distance from the sun, tlutt his revolution is 
not completed in less than about 81 of our years. The other 

{Isjiets complete their revolutions in various periods o>* time, 
etween theoe ; so that Ae time of these penods is generally 
in proportion to the distance of each planet itom the sun. 

Ceres, Pallas, Juno, and Vesta, are the smallest of all the 
[Janets, and are called Atteroids. 



flal What KM tbiae eifad, irt^dt n>ah« ■nmd dme ptkaaiieiasawM' 
tnl In irint Older He tfae nrtnl plmets Mtnatsd, innpeotlodiesmt 



D,mi,.=db,Gooylc 



S04 ASTRONOMT. 

Besides the abore eaamerated priinBry planele, our gyaUiin 
conlainfl eighteen secondary planets, or mooAs. Of theaet 
onr Earth has one moon, Jupiter four, Saturn leren, and H«r- 
schel six. None of these, moons, except our own, and oneor 
two of Saturn's, can be seen without a telescope. The seven 
Other planets, so &r as has been discovered, are entirely with- 
out moons. 

All the planets move around the sun from east to west, and 
in the same direction do the moons revolve aroond their pri- 
maries, wiA the exception of ^ose of Herschel, which appear 
to revolve in a contrary direction. 

The paths in which the planets more round the sun, and in 
. iriiich the moons move round their primarieB, are called their 
orbits. These orbits are not exactly circular, as they are con>- 
monly represented on paper, but are elUptical, or oval, so that 
aU the planets are nearer the sun, when in one part of their 
orbits, than when in another. 

In addition to their annual revolutions, some of the planets 
are known to have diurnal, or ddily revolutiona, like our earth. 
The periods of these daily revolutionB have lieen ascertained 
in several of the planets by spots on their surfaces, Bnt 
where no such mark is discernible, it cannot "be ascertained 
whether the planet has a daily revolution or not, though this 
has been found to be the case in every instance where spots 
are seen, und, therefore, there is little doubt but all hare a 
daily, as well as a vearly motion. 

Tlie axis of a pmnet is an imaginary line passing throu^ 
its centre, and about which its diurnal revolution is performed 
Tbcpoles of the planets axe the extremities of this axis. 

The orbits of Mercnry and Venus are within that of the 
earth, and consequently they are called inferior planets. The 
orbits of all the other pluiets are without, or exterior to that 
of the earth, and these are called superior planets. 

That the orbits of Mercury and Venus are within that of 
the ear&, is evident from uie circumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How mai^ mainu does onraTMcm eontunl Wluch of tha jtaixlaaxt 
•ttandedbfimmia, and turn man vluanchi h) irlukt dindian da the dansU 
laoTeMottiid the rani What n the ottit of a {duet 1 What nrolntiaaB 
hare tba pboMi, bnidM thric jeaily lenitalianB 1 H&ve oil the pbncti dhoi- 
• lul l&nMkiBal How ia it known that the [luKti bam daily lerolntianBl 
WhatiitbeaalBof aplanetl What fa A* pck of aplanrtl WluehaM 
Ifae Mperioi, imd irifch the mfinior plaulal 
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in the west, vihea the son is in the east. On the contmy, 
the orhits of all the other planeta are proved to be outside of 
the enrth's, since theae planets are sometimea seen in oppo- 
iddon to the eun. 



ng. 190. 



This will be understood 
by fig. 180, where suppose 
9 to be the sun, m the orbit 
of Mercury or Venus, e the 
orbit of the earth, and _;' that 
of Jupiter. Now it is evi- 
dent, that if a spectator be 
placed any where in the 
earth's orbit, as at e, he may 
some times see Jupiter in op* 
positiOD to the sun, as atj, 
because then the spectator 
would be between Jupiter 
and the sun. But the orbit 
of Venus, being surrounded 
' can come in opposition to 
1 that part of the heavens opposite to him, as 
seen by ua, because our earth never passes between her and 
the sun. 

It has already been stated, that the orbits of the planets arc 
elliptical, and that, consequently, these bodies are sometimes 
nearer the sun than at others. An elhpse, or oval, has two 
ri>ci, and the sun, instead of being in the common centre, is 
always in the lower foci of their orbits. 




E^. 181. 




The orbit of a planet is 
represented by fig. 161, 
where a, d, b, e, is an el- 
lipse, with its two foci, s 
and 0, the sun being in the 
focus s, which is caUed the 
lower focus. 

When the earth, or any 
other planet, revolving 
around the snn, is in that 
part of its orbit nearest the 
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nm, Bs ftt 0, it is wd to be in ittperihelion ; uid when in tb>t 

rrt which is at the ^reateat distance from the nui,'S8 at b, it 
■aid to be in its aphelion. The line s, d, ia the mean, or 
aveiage distance of a planet's orbit from the sun. 

Ecliptic. — ^The planes of the orbits of all the planets pass 
through die centre of the sun. The plane of an orbit is an 
imaginary sur&ce, passing from one extremity or aide of the 
orbit, to the other. If the rim of a dnun head be considered 
the orbit, its plane would be the parchment extended across 
it, on which the drum is beaten. 

Let ua suppoee the earth's orbit to he such a plane, cutliiig 
the Bun through hia centre, and extending out on tnery dde 
to the ataiTV hesTens ; the great circle so made, woi^ tdbA 
the Une of Uie ecliptic, or the sun's apparent padi through the 
hcBTens. 

This circle is called the sun'a apparent path, because the 
resolution of the earth givea the sun the appearance of pasnng 
dirough it. It is called the ecliptic, because eclipses nappeo 
when the moon is in, or near, this apparent path. 

Zodiac. — The Zodiac is an imaginarf belt, or broad circle, 
extending quite around the heavens. The ecliptic dirides the 
zodiac into two equal parts, the zodiac extending 8 degrees 
on each side of the ecliptic, and therefore is 16 deereea wide. 
The zodiac is divided mio 13 equal parts, called the signs oj 
the zodiac. 

The sun appears every year to pass around the great circle 
of the ecliptic, and consequently, through the 12 constells' 
tions, or signs of the zodiac. But it will oe seen, in another 
place, thai the aun, in respect to the earth, slanda still, and 
that his apparent yearly course through the heavens is caused 
by the annual revolution of the earth around its orbit. 

To understand the cause of this deception, let us suppose 

Wliat is die plane of an oiUt 1 Esfbia what h meant bj the ecliptic. 
Why is the ecliptic called the am't ^iparent path 1 What is the zodutcl 
How dom the ee^lie diride the wdiac \ How fa doe* the zodiac extend, 
oa each ode of the ecliplict 
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B%. 189. that s, fl^. 1^ isthe tma, a &, b put 

of the circle of die ecliptic, and c d, 
a part of the earth's orbit Now, if 
a spectator be placed at c, he will 
^ see the sun in that part of the ecli^ 
He marked by 6, but when the earth 
moves in her annual reTolution to d, 
the spectator will see the sun in ibat 
part of the heavens marked by a ; 
so that the motion of the earth in one 
direction, will give the ann an appa- 
rent motion in the contrary direc- 

A sign, or constellaiion, is a col- 
lection of fixed stars, and, as we have 
already seen, the sun appears to move 
through the twelve signa of the z(v 
diac every year. Now the sun'a place in the heavens, or zo- 
diac, is found b^ his apparent conjunction, or nearness to any 
particular atar m the constellation. Buppose a spectator at c, 
observes the sun to be nearly in a line with the star at 6, then 
the sun would be near a particular star in a certain constella- 
tion. When the earth moves to d, the sun's place would as- 
aume another direction, and he would seem to have moved 
into another constellation, and near the star a. 

Each of the 13 signs of the zodiac is divided into 30 small- 
er parts, called degrees; each degree into 60 equal parts, 
called minutes, and each minute into 60 parta, called seconds. 
The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of ammals, 
or other things. This is, however, found to be the most con- 
venient method of finding any particular star at this day, for 
among astronomers, any star, in each constellation, may be 
designated by describing the part of the animal in which it is 

IB to p&H tbrongh the ecBp- 
1. WhW .-..-^- 
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■ituftled. "Httu, ^ knowing how nun^ stan beloDg to the 
eonslellfttion L«o, or the Lion, we readily know what star lb 
meant I^ that wbdch is ntnated on the Lion's ear or tail. 

The names of the 13 signs of Uie zodiac are, Aries, Tanrust 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Ca- 
pricorn, Aquarius, and Pisces. The common names, or mean- , 
mg of these words, in the same order, &re, the Ram, the Bull, 
the Twins, the Crab, the Lion, the Virgin, the Scales, the Scor- 
pion, the Archer, the Goat, the Waterer, and the Fishes. 

Fig. isa 




Hie 12 ngsB of the zodiac, tt^ther with tfae-sao, and the 
earth revolmg around him, are represented at fig. 183. When 
the earth is at A, the sun will appear to be just entering the 
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sign Arief, because then, when aeen from the earth, he nn^ 
towards certain stare at the beginning of that constellation. 
When the ^rth ia at C, the sun will apnear in the opjHH^ 
part of the heavena, and therefore in the beginning of Librtu 
The middle line, dividing the circle of the zodiac into eqnal 
parts, is the line of the ecliptic. 

Density of the Planets. — Astronomers have no means of 
ascertaining whether the planets are composed of the same 
kind of matter as our earth, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, 
however, been able to ascertain the densities of several of 
them by observations on their mutual attraction. By density, 
is meant compactness, or the quantity of matter in .a pven 
space. When two bodies are of equal bulk, that which weighs 
mosl, has the greatest density. It was shown, while treating 
of the properties of bodies, that substances attract each other 
in proportion to Uie quantities of matter they contain. It 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, 
their quantities of matter, or densities, are easUy found. 

Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodiee attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the eitae dimensions, pass each othi^r, and it is 
found that one of them is attracted twice as far out of its or- 
bit as the other, then, by the known laws of gravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, and therefore that the density of the 
one was twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the sun is but a httle greater than that of water, 
while Mercury is more than nine limes as dense as water, 
havine a specific gravity nearlj^ equal to that of lead. The 
earth nas a density about five times greater than that of the 
sun, and a httle less than half that Of Mercury. The densi- 

Ecplain why the lun wifl be in the begiiinfaig of Aiies, when the earth Ii 
atA.Bg.lSi. How has IhftlenB^ of Uie{Jiraeta been McertaiDedl What 
ia DiMnt by deatitjl In what propntion do bocHeii attract each other 1 How. 
uelhedeDBtieaof tbepbuKtauoaitunedl What k the demi^ of tha ■«% 
of Btocnry, and rf the earth % 
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ties of the other planets Beem to diminish in proporUoi- 
Ihoir distances' from the sun increase, the density of SaMnt) 
one of the mosl remote of planets, being only about one 
tiiird that of watar. 

7^ Sun. 

The sun is the centre of the solar system, and the zreat 
dispenser of heat and light to all the planets. Aroiind the 
sun all the planets revolve, as around a common centre, he 
being the largest body in our sj-stem, and, so far as we know, 
the largest in the universe. 

The distance of the sun from the earth is 95 millions of 
miles, and his diameter is estimated at 880,000 miles. Our 
globe, when compared with the magnitude of the sun, is a 
mere point, for his bulk is about thirteen hundred thousand 
times greater than that of the earth. Were the sun's centre 
placed in the centre of the moon's orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her as she is 
from us. A traveller, who should go at the rote of 90 miles 
a day, would perform a journey of nearly 33,000 miles in a 
year, and yet it would take such a traveller more than 80 
years to go r u d h umference of the sun. A body of 

such mi^ty dm n hanging on nothing, it is certain, 
must have en ai a d f n a Anmghty power. 

The sun appe m around the earth every 34 hours, 

nsing in the t, d tmg in the west. This motion, as 
will be prov d n n h place, is only apparent, and arises 
from the diu 1 luti the earth. 

The sun, although he docs not, like the planets, revolve in 
an orbit, is, however, not without motion, having a revoludon 



around his own axis, once in 26 days and 10 hours. Both the 
md the time in which it is per- 
formed, have been ascertained by the spots on his surface. 



ftct that he has such a motion, and the time in which it ii 



i revolving body, in a certain direction, 
it is obvious, that when the same spot is again seen, in the 

In what propoIlionB da the d 
Wiiere in tlie place of the a un, iii >j~ ~uu djiwdu, , <• u^ 
•ftheatut fyota the e*ith7 Whal is the diuneter of ths Bun 1 Suppoae tb^ 
centre of the sun and that irf the moon's orbit to be ccincident, bow lu 
would the Kun extend beyond the raam't ocluti How U it ploTed tbU ttw 
MD has a motiDn anniid hii own tzk 1 Howi^oictawthenuinvalnl 
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same direction, that the body has made one rerolution. By 
such spots the diurnal revolutions of the planetB, as well aa 
the sun, have been determined. 

Spots on the sun seem first to have been obserred iii the 
year 1611, since which time they have constantly attracted 
attention, and have been the subject of investigation among 
astronomers. These spots change their appearance as the 
sun revolves on his axis, and become greater or leas, to an 
observer on the earth, as they are turned to, or from hun ; 
they also change in respect to real magnitude and number : 
one spot, seen by Dr. Herschel, was estimated to be more 
than SIX times the size of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

In reelect to the nature and design of these spots, almost 
every astronomer has formed a different theory. Some have 
supposed them to be solid opaque masses of scoriEe, floating in 
the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his light from us ; others as immense masses, 
which have fallen on his disc, and which are dark colored, be- 
cause they have not yet become sufficiently heated. In two 
instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, hke a piece of 
ice thrown upon the ground. Others have supposed that 
these dark spots were the body of the sun, which became 
visible in consequence of openings through the fiery matter, 
with which he is surrounded. Dr. Herschel, from n^any ob- 
servations with his great telescope, concludes, that the shininz 
matter of the sun consists of k.mass of pho^horic clouds, ana 
that the spots on his surface are owing to disturbances in the 
■ equilibrium of this luminous matter, by which openings are 
made through it. There are, however, objections to ibis the- 
ory, as indeed'tbere are to all the others, and at present it 
can only be said, that no satislactory explanation of the cause 
of these spots has been given. 

That the sun, at the same time that he is the great source 
of heat and Kghtlo all the solarworlds, may yet be capable of 
supporting ammal life, has been the favourite doctrinoof sere- 

WImq were epola of the sun fi«t observed) What has boen the difler- 

in the number of gpola abserved 1 jffhiiX wu the axe of the ilpot K 

, „ , .. ,.^ . . , Evinced cone 
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nl able astronomers. Dr. WUson first suegeated tb&t thia 
mieht be the cue, &nd Dr. Herschel, wiui his telescope, 
mMe obierrationa which confinned >iim ia this opinion. The 
latter astronomer suppoaed that the funcdona of the sun, as 
the dispenser of light and heat, might be performed by a tumi' 
nous, or phosphonc almoephere, surrounding hira at many 
hundred miles dlBlance, while his solid nucleus might be fit- 
ted for the habilationB of miUions of reasonable beines. This 
doctrine is, however, rejected hj most writers on £e subject 
at the present day. 

Mercury. 

Mercury, the planet nearest the sun, is about 3000 miles in 
diameter, and revolves around him, at the distance, of 37 
millions of miles. The period of his anmml revolutioh is.S7 
days, and he turns on his asis once in about 24 days. > 

The nearness of this planet to the sun, and the short time 
his fiilly illuminated disc is turned towards the earth, has pre- 
vented astronomers from m^ing imtfy obaervationa on him. 

No siffns of an atmosphere nave been observed in this 
planet Tlie sun's he«i at Mercury is about seven tiroes great- 
er than it is on the earth, so that water, if nature follows the 
same laws there that she does here, cannot exist at Mercury, 
except in the state of steam, i 

The nearness of tliis planet to the sun, prevents his being 
oAcn seen. lie may, however, sotnetiimes be observed jnst 
before the rising, and a little after the setting of ihesun. 'Wneo 
seen after sunset, he appears a brilliant, twinkling star, show 
jng a white light, which, however, is much obscured by the 
glare of twilight. When seeaJn the mominjt hefore the ri- 
sing of the sun, his light is alsJ obscured byTnLsi^'s rays, 

Mercm+ sometimes crosses the ifisc of the su_j>ror comec, 
between the earth and that himiuary, so as to t^pear like a 
small dark spot passing over the sun's &ce. , Tma is called 
the transit of Mercury. 

Venus. 

Vetua is the other planet, whose orbit ia within that of the 

What ii said concemii^ the ■mi's btin^ s halJtaUe eIol»1 Whit b the 
ifiameter of Merciuy, and nhal ue his pFnoda of uiniuT utd AdhhI lendo- 
tion 1 How Bieat is the aun'a bmt »t Msttmy 1 At what timaa ii tSacwrf 
loba ttml WhatiaatraiimtofMetciurl 
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earth. Her diameter is about 8600 miles, being Bomewhat 
larfrer than the earlb. 

Her revolution around the sun is perforoied m 324 days, at 
the distance of 68 miUions of miles irom him. She turns on 
her axis once in 23 hours, so that her day is a httle shorter 
than OUTS. 

Venus, as seen from the earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
nary except the moon. When seen through a telescope, she 
exhibits the phases, or homed appearance oT the moon, and her 
bee is Bometunes variegated with dark epola. Venus ma^ 
jflen be seen in the day time, even when fihe is in the vicini- 
ty sf the blazing light of the sun. A luminous appearance 
uound this planet, seen at certain times, proves tlut she has 
an atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
miles high. Venus sometimes makes a transit across the 
eno's disc, in the same manner as' Mercury, already de- 
scribed. The transits of Venus occur only at distant periods 
&om each other. The last transit was in 1709, and the next 
will not happen until 1874. These transits have been ob- 
served by astronomers with the greatest care and accuracy, 
since it is by observations on them that the true distances of 
the earth and planets'from the sun are determined. 

When Venus is in that part of her orbit which gives her 
the appearance of being west of the sun, she rises before him, 
and is then called the morning star ; and when she appears 
east of the sun, she Is behind nim in her course, and is then 
called the evening star. These periods do not agree, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 390 days the even- 
ting star. The reason of this is, that ^e earlb and Venus move 
round the sun in the same dkecCion, and hence her relative mo- 
tion, in respect to the earth, is much slower than her absolute 
motion in her orbit. If the earth had no yearly motion, Venus 
would be the morning star one half of the year, and the even- 
ing star the other hall. 

Where is the orbit of Venus, in mpect to thM of the e&rth 1 What ii 
tbe time of Venus' lerohilion nund the Bun 7 How oSen does siia turn 
(HI her alisl What isgaiilof tlie height of the mountaiaa ui Venuel On 
what account are the trojiflitt of Venus otaerved with great care T When b 
Vemu the mominc, and wlien tlie ereAs '>t*^ ' How long b Temu the 
morning, and how long the evening star 1 
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TTieEarA. 

The next planet in our srstem, nearest Ae mn, is the Earth. 
Her diameter is 7912 mses. This planet revolTes around 
him in 366 days, 5 honrg, and 48 minutes ; and at the di» 
tance of 96 millions of miles. It twna round its own axis 
once in 24 hout^ making a day and anight. TheEarth'i revo* 
lution round the sun is called its annual, or yearly motion, 
because it is performed in a year ; while the revolution around 
its own axisi is called the diurjial, or daily motion, because it 
takes placo every day. The figure of the earth, with the phe- 
nomena connected with her motion, wilt be explained in ano- 
ther place. 

TTiB JHbim. 

The Moon, next to the sun, is, to us, the most brilliant and 
interesting of all ' the celestial bodies. Being the neurest to 
ns of any of the heavenly orbs, and apparently designed for 
our use, she has been obserred yriSi great attention, and many 
of the phenomena which she presents, are therefore better 
Mid er Btood and explained, than those of the other planets. 

While the earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes a revolution round the 
earth once in 27 days 7 hours and 43 minutes. The diataace 
of the Moon &om the earth is 24(^000 miles, and her diameter 
about 2000 miles. 

Her surface, when seen throu^ a telescope, appears diver- 
sified with hills, mountains, valleys, rocks, and plains, present- 
ing a most interesting and curious aspect ; but the explana- 
tion of these phenomena are reserved for another section. 

The next plane! in die solar system, is Mais, his orbit sur- 
roundine that of the earth. The diameter of this planet is up- 
wards of 4000 miles, being about half that of the earth. Tho 
revolution of hbtrs around the sun is perforiued in nearly 667 
days, or m somewhat less than two of our years, and he turns 
on Us axis once in. 24 hours and 40 minutes. His mean 

How Ions; does it Uke the eaith to revohe n\iDA tW aiui t Wlmt b meart 
by the eartffa annual revolution, and what bv her dinma] rerolutitin 1 Why 
are the phenoiaena of the moon belter eiplaioed thui those of the other 
iduietB 1 Id what time is a renAwion or the inoon about Ihe eailh pei l lom - 
edl What IB the dtstanee of tbAiorai frran the eMth 1 What ie the fiann- 
tvof Marsl How much loDgei: Ja a year it Uan thu snr vear 1 
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dubmce from the Bim Is 144 milfioDs of miles, so that he mores 
in Ids orbit at the rate of about 56,000 miles in &n hour. The 
days and nights, at this planet, and the different seasona of 
the year, bear a considerable resemblance to those of the 
earth. The density of Mats is less than that of the earth, 
beu^ only three times that of water. 

Khrs reflects a dull red light, by which he may be distin- 
guished from the other planets. His appearance through the 
telescope, is remarkable for*the great niunber and variety of 
spots which hia surface presents. 

Mars has an atmosphere of great density and extent, as is 
proved by the dim appearance of the fixed stars, when seen 
through it. When any of the stars are seen nearly in a line 
with this planet, they give a faint, obscure light, .and the 
nearer they approach the line of his disc, the fainter is their 
light, until the star is entirely obscured from the sight 

This planet somerimes appears much larger to us than at 
others, and this is readily accounted for by his greiter or less 
distance. At his nearest approach to the earth, his distance 
b only 50 millions of miles, while his greatest distance is 340 
millions of miles ; making a difference in his distance of 190 
millions of miles, or the diameter of the earth's orbit 

The sun's heat at this planet is less than half that which 
we enjoy. 

To the inliabiUnts of Mars, our planet appears alternately 
•s the morning and evening star, as Venus does to us. 
Vesta, Juno, Pallas, and Ceree. 

These planets were unknown until recently, and are there- 
fore sometimes called the new planets. It has been mention- 
ed, that they are also called Asteroids. 

The orbit of Vesta is next in the solar system to that of 
Mars. This planet was discovered by Dr. Oibers, of Bremen, 
in 1807. The light of Vesta is of a pure wliite, and in a clear 
night she may be seen with the naked eye, appearing about 
die size of a star of the 5th or 6th magnitude. Her revolu- 
tion round the sun is performed in 3 years and G6 days, at 
the distance of 323 millions of miles from him. 

AVbat is Mb late of motion in his orbit 1 Vfhit is hii appearance through 
flie tetevcopel How id It proved that Mara haa an atmosphere of great 



_, . . Thy does Mara sometimea appear to ub larger tii .^ 

How great ia the aun'a heat at Mara 1 Wmdi nie the new^aneU, oi 
loidal When was VertadiiCOTeied TWl(at is the period ofVe*"'-- 
TerahUiQnl t 
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Jvno was discovered by Mr. Harding, of Bremen, in 1804 
Her mean distance from the sun is 353 millions of miles 
Her orbit is more elliptical than that of any other planet, and 
in consequence, she is sometimes 127 millions of miles nearei 
the sun than at others. This planet completes its annual re- 
volution in 4 years and about 4 months, and revolves round 
its asia in 27 nours. Its diameter is 1400 miles. 

Pallas was also discovered by Dr. Olbers, in 1802. Its 
distance from the sun is 226 millions of railes, and its periodic 
revolution round him, is performed in 4 years and 7 months. 

Ceres was discovered in ISOl, byPiazzi, of Palermo. This 

Elanet performs her revolution in the same time as Pallas, 
ein£r 4 years and 7 months. Her distance from the smi 260 
millions of miles. According to Dr. Herachel, this planet is 
only about 160 miles in diameter. 

Jupiter is 89,000 miles in diameter, and performs his annu- 
al revolution once in about tl years, at the distance of 490 
millions of miles from the sun. This is the largest planet in 
the solar system, being about 1400 times larger than the earth. 
His diurnal revolution is performed in nine hours and fifty- 
five minutes, giving his surlace at the equator, a motion of 
28,000 miles per hour. This motion is about twenty times 
more rapid than that of our earth at the equator. 

Jupiter, next to Venus, is the most brilliant of the planets, 
though the lig'ht and heat of the sun on him is nearly 26 
times less than on the earth, 

I'his planet is distinguished from all the others, bv an ap- 
pearance resembling bands, which extend across Kis disc, 
Fig. 184. 
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These are termed belts, and are variable, both in respect to 
number and a^Karance. Sometimes seven or eight are 
seen, several of which extend quite across his &ee, while 
others appear broken, or interrupted. 

These bands, or belts, wheYi the planet is observed through 
a telescope, appear as represented in fig. 184. This appear- 
ance is much the most cotnmfln, the belts tunning quite across 
the foce of the planet iti parallel lines. Sometimes, however, 
hU aspect is quite different from this, for in 1780, Dr. Her- 
sctiel saw the whole diac of Jupiter covered with amall curved 
lines, each of which appeared broken, or interrupted, the 
whole having a parallel direction across Ms disc, as in fig. l*^, 
^. 185. 



Different opimons have been advanced by a 
specting the cause of these appearances. By some, they have 
been rej^rded as clouds, or as openings in the atmosphere of 
the platiet, while others imagine that they are the marks of 
great natural changes, or revolutions, which are perpetually 
agitalin? the surface of that planet. It is, however, most pro- 
bable, that these appearances are produced by the agency of 
some cause, of wtuch we, on this little earth, must auvays he 
enlirelv ignorant, 

Jupiter has four satellites, or moons, two of which are 
sometimes seen with the naked eye. They move round, and 



What i) mid or Pa%s and Ctresl What is the diameter of Jnpitett 
What ia his distance from th^ aim f What i> the period of Jinnter'B diumal 
riToliuiatil Wliat ii the sun's beaX and light at Japiter, wbeo connand 
with that of tbe eactb % For nhat ia Jupiter paitknlariy dislingoidied t b 
the appeaiance of Ja[dt«r's belts alwayi the sanw, or do they change 1 Wliat 
if aaiil of the cause of Jui>iter's belteil appcaianee 1 How many mouii hu 
Ju|)itcr, and what are the perinda of their revnlutioiii 1 
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attend him in his yearly reTolution. as the moon does enr 
earth. They complete their reTolutiona at difierent periodsi 
die Goriest of which is less than ten days, and the longest 
seventeen days. 

These satellites often fall into the shadow of their primary, 
in consequence of which they are eclipsed, as seen from the 
earth. The eclipses of Jupiter's moons have been observed 
with great care by astronomers, because they have been the 
means of determining the exact longitude of places, and the 
velocity widi which ught moves through space. How long;!' 
tilde is determined by these eclipses, cannot be explained or 
underatood at this place, but the method by which they 
become the means of ascertaining the velocity of light, may 
be readily comprehended. An eclipse of one of these satel- 
lites, appears, by calculation, to take place sixteen minutes 
sooner, when the earth is in that part of her orbit nearest to 
Ju]>iler, than it does when the earth is in that part of her or- 
bit at the greatest distance from him. Hence light is found 
to be sixteen minutes in crossing the earth's orbit, and ss the 
Bun is in the centre of this orbit, or nearly so, it must take 
about 8 minutes for the light to come from hun to us. Light, 
therefore, passes at the velocity of 95 millions of miles, our 
distance from the siyi, in, about 8 minutes, which is rearly 200 
thousand miles in a second. 

SatuTU. . 

The planet Saturn revolves round the eun in a period of 
aboutSO of our years, and at the distance from him, of 900 
millions of miles. His diameter is 79,000 miles, making his 
bulk nearly nine hundred times jreater than that of the earth, 
hut notwithstanding this ' vast size, he revolves on his axis 
once in about ten hours. Saturn therefore performs upwards 
of 25,000 diurnal revolntions in one of his years, and hence 
his year consists of more than 35,000 days ; a period of lime 
equal to more than 10,000 of our daya. Oh account of the 
remote distance of Saturn from the sun, he receivee only 
about a 90th part of the heat and light which we enjoy on thp 
earth. But to compensate, in some degree, for this vast dis- 
t ance from the sun, Saturn baa seven moons, which revolve 

WhM occasoDi the ecliMes of Jupiter's mooiu 1 Of whnt use are thess 
ecUpan to atUonaaen t Hon is the velocity of %ht ascertained b; tha 
ecl^Ma of Jupltei't BateUiteg t Wbat ia the time of ^tnm'g pedodic Terotn- 
(Jon round the (lull What is hii dietuue frmn thenui^ What his Aagna- 
Mr 1 What is the period of hii iftamal levohitiou 1 How nuui; days inakB 
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round him at Afferent distances, and at ntiom periods, from 
1 to 80 days. 

Saturn la disdnguiahed from the other planeta by his riar, 
as Jupiter is by his belt When thia planet ia viewed through 
a teleacope, he appears surrounded by an immense luminous 
circle, which is represented by fig. 186. 

Kj. lea There are in- 

deed two luirdnous 
circles, or rinn, 
one within the 
other, with a dark 
space between 
them, BO that they 
do not appear to 
touch each other. 
Neither does the 
inner ring touch the body of the planet, there being, by estima- 
tion, about the distance of 30,000 miles between them. The 
external circumference of the outer ring is 640,000 miles, and 
its breadth from the outer to the inner circumference, 7,S00 
milea, or nearly the diameter of our earth. The dark space, 
between the two lin^a, or the interval between the inner, and 
outer ring, is 2800 miles. 

Thia immense appendage revolves round the sun with the 
planet, — performs daily revolutions with it, and according to 
Dr. Mcrechcl, ia a solia substance, equal in density to the body 
of the planet itselC 

The design of Saturn's ring, an appendage so vast, and so 
diflerent from any thin? presented by the other planets, has 
always been a matter of speculation and inquiry among astron- 
omers. ' One of its moat obvious uses appears to be that of 
reflecting the light of the sun on the body of the planet, and 
possibly it may reflect the heat also, so as in some degree to 
sol^en the rigour of so inhospitable a climate. 

As this planet revolves around the aun, one of its aidea is 
Diuninaled during one half of the year, and the other side 
ifuring the other half; so that, as ^tura'a year is equal to 
thirty of our years, one of his sides will be enhghtened and 
darkened, alternately, every fifteen years, as the poles of our 
earth are alternately in the light and dark every year. 

Hovr msn; moons has Satum 1 How is Saturn porlicalBi^j distinguUbeJ 
ftom aH the other planets! What diatance ia there between Uie Dodyof 
Sstnm and hie inner ringl What diatajice is tliere between hi* innar ind 
outer dag 1 What ii the dicum&ience of the oulei ring 1 
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37 represents Sal 
«n by tta eye plti 
cht angles to the 
nis ring. When 
im the earth, his 
is always oblique, 
sented b^ fig. 186. 
nner wlute circle, 
ts the body of the 
enlightened by the 
lie dark circle next 
I the unenlightened 
itween the body of 
let and tlie inner 
ing the dark ex- 
f the heavens he- 
re the rings of the 
, which also is the 



dark expanse of the heavens. 

Hersckel. 

In consequence of some inequalities in the motions of Ju 

piter and Saturn, in their orbits, several astronomers had bur- 

pected that there existed another planet beyond the orbit of 

Saturn, by whose attractive influence these irregularities were 

riduced. This conjecture was conSrmed by Dr. Herschel, 
1781, who in that year discovered the planet, which is now 
renerally known by the name of its discoverer, though called 
by him Georgium sidus. The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1800 millions of miles 
from the Bun. To the naked eye this planet appears like a 
star of the sixth magnitude, being, with the exception of some 
of the comets, the most remote body, so &t as is known, in 
the solar system. 

Herschel completes his revolution round the sun in nearly 
84 of our years, movingin his orbit at the rate of 16,000 mUes 
in an hour. His diameter is 3S,000 miles, so that bis hnik is 
almut eighty times that of the earth. The light and heat of 

How long m one of Satuni'a adfts alternately in the light and dalfc 1 In 
what poBtion is Sal\im represented hj fig. 187 ( What cireumBtanoe led ta 
Oiediacorery orHerachell In nhat year, and b; whom, was Henchd dl"~ 
vered 1 What is the diatajne of Herwihel ftom the aim 1 In what p-'- 
hia revotutixHi round the sun pertbnned 1 What ja (he diameter of II 
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the tnm at Herschel ii about 360 times less than it ia at tha 
earth, and yet it has been tbund hj calculation, that this li^ 
is eqna] to 348 of ottr full moona, a striking proof of tKe in- 
conceivable quantity of light emitted by the aun. 

11118 planet has six eatelliteB, which revolve round him at 
various distances, and in different times. The periods of 
some of these have been ascertained, while those of the others 
rsnudn unknown- 
fig. 18a 



Havigg now given a short account of each planet compoaioc 

the solarsystem, the relativesituatien of their several orbits, witn 

the exception of those of the Asteroids, are shown by fig. 189k 

in the figure, the orbits are marked by the rigns <m each 

What !■ the <]Uaiitily of Ggbt ind heat at HHwdid, wimi «Hq>U«t 

Md ttiat of the euth T 
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Bknet, of which du first, or that nearest the nm, ii Mercnry, 
the next Yenus, the thiid the Earth, the fourth Hua ; then 
come thoM of the Aeteroids, then Jnpiter, then 8Uum, and 
lasdr HencheL 

The comparaliTe dimennons of the phnets are delinoated 
Mfig. 160. 




{ \AnwU 



Motions of ike Planets. 

It is said that when Sir Isaaq Newton was near demonatra- 
ting; the great truth, that gravity ib the cause which keeps 
the^earenly bodies in their orbits, he became ao agitated with 
the thoughts of the magnitude and consequences of his disco- 
Terr, as to be unable to proceed with his demonstrations, and 
desired a friend to linisn what the intensity of his feeling* 
would not allow him to complete. 

We have seen, in a former part of this work, that all undis- 

' turbed motion is straight forward, and that a body projected 

into opea space, would continue, perpetually, to move in a 

right line, unless retarded or drawn ont of this course by 

•ome external cause. 

To account for the motions of the planets in their orbits, 
we will suppose that the earth, at the time of its creation, was 
thrown by the hand of the Creator into open sj j;e, the sun 
havinz been before created and fixed in his present place. 

Under Compouiid Motion, it hoa been shown, that when m 
kodyts acted on by two forces perpendicular to each other, 
its motion will be in a diagonal lijie oetween the directum of 
Hw two fi>ic«i. 



...Gooylc 




pose tb&t a ball be movins In 
the lia& m x, Se, 190, wiui a 
given force, and that anoflier 
force half as great should strike 
it in the direction of n, the 
ball would then describe the 
diagonal of a parallelogram, 
whose length would be just equal to twice its breadth, and 
the line ol^ the ball would be straight, because it would obey 
the impulse and direction of these two forces only. 

^ Kg 191., Now let a, fig. 191, re- 

present the earth, and S 
the sun ; and suppose the 
earth to be moving for- 
ward, in the line from a to 
b, and to have arrived at 
a, with avelocity sufficient, 
in a Kiven time, and witii- 
out Qisturbance, to have 
carried it to h. But at the 
pointo, thesunSsctsupon 
the earth with his attractive 
power, and with a force 
which would draw it to c, 
in the same space of time that it would otiierwise have gone 
to b. Tlien the emiih, instead of passing to i, in a straight 
Kne, wonld be drawn down to d, the diagonal of the paralle- 
logramtz,^, ^ c. The line of direction, iii £g. 190, is straight, 
b^nse the body moved obeys only the direction of the two 
forces, bittit is curved from a tod, fig. 191, in consequence of 
the continued force of the sun's attraction, which produces a 
constant deviation from a right line. 

When the earth arrives at d, slill retaining ita projectile or 
centrifuAl force, its line of direction woum be towards n, 
but wbtk it would pass dong to n without disturbance, the 
attracting force of ue s«n is again sufficient to bring it to e. 




SmipiMe n body to be acted on by two forces perpendiculoj to each other, 
ia wtot diteotion trill it tnorel Why do«a the hall, fig. 190, move in ■ 
■trusbtlinel WKy doei the sMth, fig. 191, nt-iroinacarveilfinel Sxphiir 
Ig. 191, uid Aow bow tb« two ftmei set to pigdaDe a drcnIM Ine «r 
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in M Mnigbt Hse, so that, in obedienee lo the two impolBei^ it 
agtin deiCTibes die cmre to o. 

It mwt be remembered, in order lo aeeoont for ibe cirenltf 
iDotioiu of the pUnets, tlut the BttractiTe fbrc* of the ran in 
not exerted M once, or b^ ■ nngle impDlse, u is the cue with 
the crOM forces, prodacmg a Bbiught line, bnt that this force 
b inmrtnt by dcgieea, and is constant. It thn^fore acts 
equally on the earth, in all parts of the course from a to d, and 
ftom a to o. From o, the earth having the aame impolsee a> 
before, it moTea in the same curred or circular direction, and 
thus its motion is continued perpetually. 

The tendency of the etaih to move forward in a atraiffhl 
line, ifl called tne centrifugal force, and the attncdon of ue 
sun, by which it is drawn downwards, or towards a centre, is 
called its centripetal farce, and it is by these two foTces that 
the planets are made to perform their constant rerolntiotu 
nroimd the sun. 

In the above explanation, it has been snpposed that tbe 
sun's attraction, which constitates the earth's srarity, was at 
all times equal, or that the earth was at an equu distance from 
the sun, in all parts of its ortnt. But, as heretofore explainod, 
the orbits o{ alt the planets are elliptical, the sun being placed 
Fif. 103. in the lower focus of the 

eclipse. The sun's attiao- 
tioD is, therefore, stronger 
in some parts of their or- 
bits than in others, and for 
this reason their velocities 
are ffreater at some periods 
of their reToludous than al 

To make this unde^ 
dtood, suppose, as beforts 
that the centrifugal and 
centripetal forces so bat 
ance each other, that the 
earth moves round the cii> 
cular orbit a e 5, fig. 19% 

Wlutnthe [sqjeetile fine oT the auth eaJMI WbU is tlw at 
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mtil U comes to the point e I and at thii point, let OB snppoM, that 
die gravitatinff force is too strong for tiie force of projectiipi, so 
diattheearth,inBtead of continuing its former direction to wuds 
&, is attracted by the smi s, in the cuire e c. When at c, the line 
<tf the earth's projectile force, instead offending to carry it farther 
from the aun, aa wouU be the case, were it revolTing in a circular 
orhil, now tenda to draw it still nearer to him, so that at this 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in proportion as the 
square of the distance oetween the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At this part of its 
orbit, the earth will have gdned, by its increased velocity, so 
much centrifugal forc«, as to g^ve it a tendency to overcome 
the sun's attraction, and to fly off in the Une d o. But fte 
sun's attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwittistandine 
its increased centriiii^l force, and it therefore passes through 
the opposite part of its orbit, from d to ^, at the same distance 
from nim that it approached. As the earth paases from the 
fun, the force of gravity tenda continually to retard its motion, 
ss it did to increase it while approaching him. But the velodty 
it had acquired in approaching the sun, gives it the same rale 
of motion from d to g; that it had from c to d. From g, the 
earth's motion is uniformly retarded, until it again arrives at e, 
the point from which it commenced, and from whence it de- 
flcribes the same orbit, by virtue of the same forces, as before. 

The earth, therefore, in its journey round the sun, moves at 
very unequal velocitieB, sometimes being retarded, and then 
agam accelerated by the sun's attraction. 

It is an interesting circumstance, respecting the motions of 
the planets, chat if £e contents of their orbits he divided into 
unequal triangles, the acute angles of which centre at the sun, 
irith the line of ihe orbit for their bases, the centre of the 
(danet will pass through each of these bases in equal times. 

This will be understood by fig. 193, the elhptical circle be- 
ing supposed to be the earth's orbit, with the snn s, in one ot 
the foci. 

Now the spaces 1, S, 3, &c. though of di&rent shapes, are 
of the same dimensions, or contain the same quantity of sur 



It b]F a pluMt'i paMDg througfa equal q)*os« in equl litaH 1 
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foce. The earth, we have 
already seen, in iU journey 
round the sun, describes an 
ellipse, and mores more ra- 
pidly in one part of its orbit 
than in another. But what- 
ever may be its actual velo- 
city, its comparative motion 
is dirough equal areas in 
I equal times. Thus its cen- 
I tre passes from E.to C, and 
from C to A, in the same pe- 
riod of lime, and bo of all 
the other divisions marked 
in the figure. If the fieure, 
therefore, be connderea the 
plane of the earth's orbit, 
divided it^ 13 eqnal areas, 
answering to the 12 months of the year, the earth will pass 
through the same areas in every month, but the spaces through 
. which it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
•ther half. 

The reason why the planets, when they approach near the 
BUD, do not foil to him, in consequence of his mcreased attrac- 
tion, and why they do not fly off into open space, when they 
recede to the greatest distance from him, maybe thns ex- 
plained. 

Taking the earth as an example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
increased by his attraction, and that consequently the earth s 
centrifiigal force is increased in proportion. As an illustra* 
tian of this, we know that a thr^id which will sustain an 
ounce ball when whirled round in the air, at the rate of SO 
revolutions in a minute, would be broken, were these revoln^ 
tions increased to the number of 60 or 70 in a minute, and 
that the ball would then fly off in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How U il shown, thai if the motion of it revohina bod; i 
ptijectile fiircs a hL» incTeaMd 1 By what force is the eaiti 
oeued, m it approacbes Uie tan 1 When the earth is nftu«t< 
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trlfiigil force is also increased. Now, the velocity of the 
eardi increases in an inverse proportion, as its distance from 
the sun diminishes, and in proportion to the increase of relod* 
ty is its £eiitrifug«l force increased ; so that, in any other part 
of its orbit) except when nearest the bur, this increase < 



its near approach to the sun, and consequently the sun's st- 
traction is increased, as well as the earth's velocity. In other 
terms, when Ihe centrifugal force is increased, the centripetal 
force is increased in proportion, and thus while the centrifu- 
gal force prevents the earth from ialling to the sun, the ccih 
tripetal force prevents it from moving off in a straight line. 

when the earth is in that part of its orbit most distant trom 
the sun, its projectile velocity being retarded by the counter 
force of the sun's attraction, becomes gi'catly diminished, and 
then the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the sun's attrac- 
tion, as before, and in this manner its motion goes on without 
'^easiog. It is supposed, as the planets move ttirough spaces 
void of resistance, that their centrifugal forces remain the 
same as when they first emanated from the hand of the Crea- 
tor, and that this force, without the influence of the sun's at- 
traction, would carry them forward into infinite space. 
The Earth. 

It is almost universally believed, at the present day, that 
the apparent daily motion of the heavenly bodies from enst to 
west, IS caused by the real motion of the earth from west to 
east, and yet there are comparatively few who have examined 
the evidence on which this belief is founded. For this rea- 
son, we will here state ihe most obvious, and to a common 
observer, the most convincing proofs of the earth's revolution. 
These are, first, the inconceivable velocity of the heavenly 
bodies, and particularly the fixed stars around the earth, if sm 
etands still. Second, the fact, that all astronomers of the 
present age agree that every phenomenon which the heavens 
present, can be b°,st accounted for, by supposing the earth to 
revolve. Third, the analogy to be arawn from many of the 
Other planets, which are known to revolve on their axes ; and 
fourth, the different lengths of days and nights at the different 
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Slaaets, for did the sun revoTrc about the solar syBtem, the 
ays and nights at many of the planets must be of aimilar 
lengths. 

The distance Df (he sun from the earth being 95 Tnillions 
of miles, the diameter of the earth's orbit is tirice ils distance 
from the sun, and, therefore, 190 millions of miles. Now, the 
diameter of the earth's orhit, ^vhen seen from the nearest fixed 
star, is a mere point, and were the orbit a solid mass of 
opaque roatter, it could not be seen, with such eyes as ours, 
from such a distance. This is known by the fact, that these 
stars appear no larger to us, eren when our sight is assisted 
by the best telescopes, when the eaiith lain that part of her 
orbit nearest them, than when at the greatest distance, or in 
the opposite part of her orbit. The approach, therefore, of 
190 millions of miles towards the fixed stars, is so small • 
part of their whole distance from us, that it makes no per- 
ceptible difference in their appearance. Now, if the earth 
does not turn on her axis once in 31 hours, these fised stan 
must recolve around the earth at this amazing distance once 
in M hours. If the sun passes around the earth in 24 hours, 
he must travel at the rate of nearly 400,000 miles in a minute ; 
but the fixed stars are at least 400,000 times as far beyond 
the sun, as the sun is from us, and, therefore, if ihey revolve 
around the earth, must go at the rate of 400,000 times 400,- 
000 miles, that is, at (he rate of 160,000,000,000, or 160 bil- 
lions of miles in a minute ; a velocity of which we can have 
no more conception than of infinity or eternity. 

Tn respect to the analooTf to be drawn from the known revo- 
lutions of the other planets, and the difierent lengths of days 
and nights amons them, it is sufficient to state, that to the in* 
habitants of Jupiter, the heavens appear to make a revolution 
in about 10 hours, while to those of Venus, they appear to 
revolve once in S3 hours, and to the inhabitants of the other 
planets a similar difference seems to take place, depend- 
ing on the periods of their diurnal revolutions. Noff, 
there is no more reason to suppose that the heavens revolve 

Were the earth's orbit a aoUd mass, could it be seen by ns, si the dittaixs 
of the fixed Mant Suppose the esrtb stood >lill, how fiut mast the bub 
av>*e to go mtuid it in 34 houra 1 At whtit rate miut the fixed stara moi* 
to go Tooiid the earth in 34 houn 1 If the heavou a^ipear to lorolve ei^rf^ 
10 houra at Jufiter, and erery 34 houn at Uw earth, how can thk difierenoa 
Ib aamunted for, if th^ lertdve at all 1 Ii there any more leBanu to beliar* ' 
that the nin levolvai rouad tht earth, than rcmnd any of tho othrrpUoKsl ' 
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Tpond VB, than there is to sappose that ibey revolve aroond 
any of the other planets, dnce the same apparent revolution 
is common to them all, and as we know that the other planets, 
at least many of them, turn on their axes, and as all the phe' 
nomena. presented by the earth, can be accounted for by such 
a revolution, it is folly to conclude otherwise. 

Circles and Diisisioits of the Earth. 
It will be necessary for the pupil to retain in his memory 
the names and directions of the folio win gjines, or circles, by 
which the earth is divided into parte. These lines, it must 
be understood, are entirely imaginarj', there beingno such 
divisions marked by nature on the earth's surface. They are, 
however, ho necessary, that no accurate description of the 
earth, or of its position with respect to the heavenly bodies, 
can be conveyed without them. 

P^K'?^' The earth, whose 

diameter is 7912 miles, 
is represented by the 
globe, or sphere, fig. 
194.^ The straight line 
pBsang thro' its centre, 
and about which it 
turns, is called its axis, 
Ajj and the two extremities 
' of the axis are the pofes 
of the earth, A heinij 
r the north pole, and B 
the south pole. The 
line C D, crossing the 
axis, passes quite round 
the earth, and divides 
it into two e 
This is called the equinoctial Hue, or the equator. 
of the earth, situated north of this line, is called the nortaem 
■hemisphere, and that part south of it, the southern hemisphere. 
.'The small nrcles E P, and G H, surrounding or including 
the poles, are called the polar circles. That surrounding the 
' north pole is called the arctic circle, and that surrounding Uto 

How can all the [JieDonKiia of ttie heamna be acaHmled Gv, if they 6a 
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MMfct the imtantc eiftie. Between Oese eird^ there is, 
OB tub rid* of the eqoitor ftnotber nrde, ,whicfa marb ibe 
extent of the tropins towanb the north and south, from the 
eqwtor. That to the north of the eqmtor, I K, is called the 
tnpic of C<me»r, and that to the south, L M, the tropic of 
Capricorn. The circle L K, extending obliquely across the 
two tropics, and crossing the axis of the earth, and the equa- 
tor at their point of intersection, iscalled the ecliptic. This 
drcle, ai already explained, belongs rather to the heavens 
than the earth, being an imaginary extension of the plane of 
the earth's orbit m every direction towards the stars. The 
line in the fi^re, shows the comparative position or direction 
of the ecliptic in respect to the equator, and the axis of the 
earth. 

The lines crossing those already described, and meeting at 
the poles of the earth, are called vteridian. lines, or mid-day 
lines, for when the sun is on the meridian of a place, it is 
the middle of the day at that place, and as these lines extend 
from north to south, the sun shines on the whole length of 
each, at the same time, so that it is 12 o'clock, at the same 
time, on every place sitaated on the same meridian. 

The spaces on the earth, between die lines extending from 
east to west, are called zones. That which lies between the 
trO{ncs, from M to K, and from I to L, is called the torrid zone, 
becaoseit comprehends the hottest portion of the earth. The 
spaces which extend from the tropics, north and south, to the 
polar circles, are called temperate zones,_ because the climates 
are temperate, and neither scorched with the heat, like the 
tropics, nor chilled with the cold, like the fr^d zones. That 
lying north of the tropic of Cancer, is called the north tempe- 
rate zoTie, and that south of the tropic of Capricorn, the south 
temperate zone. The spaces included within the polar circles, 
are called the frigid zones. The lines which divide the globe 
info two equal parts, are called the great circles ; these are the 
ecUptic and the equator. Those dividing the earth into small* 
er parts are called the lesser circles ; these are the lines divi- 
ding ihe tropics from the temperate zones, and t^e temperate 
zones from the frigid zones, &c 

Which b die antic, and wMch Che uilorctic circle 7 Where is Ihe trope 
of Cuiocr, sod where the trniic of Caprioom 1 What is the edipbc 1 
What an the meiidiui lines 1 On what put of the earth is the toirid zone 1 
Hoi* are the nntfa and KiuthteiDiienteionee bounded'! Where arc the firigid 
lonei ] Which are the great, and whkh the lemct ebvleB of the eaMh 1 
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The ecliptic, we iftv^ vixeadj aaeo* a cLirideil bto 360 
equal parts, called degrees. All circlcE^ bowerfir Urge or 
smaJl, are divided into degreea, minutesi aad aeconda, in (Im 
same manoer >r the ecliptic. 

The horizon is distinguubed into the sensible and rtUionoL 
The aenaible horiion is that portion of the surfiice of the 
earth which bounds our Tision, or the circle around ub, where 
theakyseema to meet the -earth. When the siin rises, he 
appears above Ae sensible horizon, and when he sets, he ainks 
below it. The rational horizon i« an imaginlW line passinff 
through the centre of the earth, and dividing it mto two equu 
parts. 

The axis of the ecliptic ia an imaginary line passing through 
its centre and perpendicular to its plane. The extremities of 
this perpendicular line, are called the poles of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con- 
sidered on the horizon, or paralld with it, and the line of the 
earth's axis be inclined to the axis of this plane, or the axis of 
the ecliptic, at ^n angle of 23^ degrees, it will represent the 
relative positions of the orbit, and the axis of^ tltf earth. 
These positions are, however, merely relative, for if die posi- 
tion of the earth's axis be represented pei^endicnlar to the 
equator, as A B, fig. 194, then the echptic will cross this plane 
obliquely, as in that figure. But when the earth's orbit is 
considered as having no inclination, its axis, of course, will 
have an inclination, to the axis of the ecUptic, of 331 degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the moat natural and convenient mediod 
to consider this as a horizontal plane, with the equator inclin- 
ed to it, instead of considerinE the equator on the plane of 
the horizon, as is sometimes done. 

The inclination of the earth's axis to the axis of its orUt 
never varies, but always makes an angle with it of 23* A»- 
greea, as it moves round the gun. The axis of the earth ii 
uierefore always par^lel with itself. That is, if a line be 
drawn through the centre of the earth, in the direction of ill 
axis, and extended north and south, beyond the earth's diame- 
. How KTB drcles divided 1 How u the sensibla hoiizon distiogaidied ft«m 
the rational 1 What b the ws of the ecbjitic 7 What ue the piriM of tlw 
ecliptic 1 Hoir omij degreei it the kili of Ibe eartb inclined to th»t of tba 
ecliptic i WW U nid conceming th« nbtim poMtionB of the euih'a axis 
■nd the plana of the ecBptkl An the oifnti of the olhn phneti parallel to 
the earth'i oibit, or ioelinad to iti Wbtt « meurt bj the euth'i udi btiBK 
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ler, the Une so prodooed irlD ahrays be pttraDel to Ae ssme 
hoe, or any number of lines, bo dnwn, wh«i the earth is in 
different parts of its orbit 

Suppose K rod to be fixed into the flat enr&ce of a table, and 
m inclined ae to make an angle with a perpendicular from the 
table of 23l degrees. Ziet this rod represent the axis of the 
earth, and die sui&ce of the tsble, the ecliptic. Now place on 
the table a I^p^ and round the lamp hold a wire circle three or 
four feet in mUieter, ao that it shall be parallel with the plane 
of the tabl^^fid^»high above it as the flame of the lamp. 
Having prepared a small terrestrial globe, by passing a wire 
through it for'an axis, and letting it project a few inches each 
way, for the pole^ talie hold of the north pole, and cany it 
round the circle, with thepoles constantly parallel to the rod 
rising above the tabic The rod being inclined 23( degrees 
from a perpendicular, the poles and axis will be inclined in 
the same degree, and thus the axis of the earth will be inclined 
to that of the ecliptic every where in the same degree, and 
lines drawn in the direction of the eardi's axis will be parallel 
to eactTotfaer in any part of its orbit 
Fig. 195. 




This will be understood by fig. 195, where it will be 



How does it appeui by Bg. 195, thnt the ait of the earth is panlle] to 
iUelf) in bJI purts of its orbill How ue the anniul and diumal revolutiaa> 
of the euth illustniteJ by B^. I<I5 } 
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that the poles of the earth, in the serenl positjona of A, B, C, 
and D, being equally inclined, are parallel to each other. 
Snpposine the lamp to represent the sun, and the wire circle 
the earth s orbit, the actual position of the earth, during its 
annual revolution around the sun, will be comprehended : and 
if the globe be turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of the earth will also be 
represented. 

Day and Night. ■•^i 

Were the direction of the earth's axis perpendicular to the 
plane of its orbit, the days and nights would be of equal length 
all the year, for then just one half of the earth, from pole to 
pole, would be enlightened, and at the same time the other 
half would be in damiess. 

Fig. 196. 



Suppose the line s o, fig. 196, from the sun to the earth, to 
be the plane of the earth's orbit, and that n s, is the axis of 
the earth perpendicular to it, then it is obvious, that exactly 
the same points on the earth would conalantly pass through 
the alternate vicis^tudes of day and night ; for all who live on 
the meridian line between n and s, which line crosses the 
equator at o, would see the sun at the same time, and conse- 
queutly, as the earth revolves, would pass into the dark hemir 
'sphere at the same time. Hence in all parts of the globe, the 
dkys and nights would be of equal length, at any given place. 

Now it is the inclination of the earth's axis, as above de> 
scribed, which causes the lengths of the days and nights to 
differ at the same place at different seasons of therear, for on 
reviewing the position of the globe at A, fig. Im, it will be 
observed, that the line formed by the enlightened and d&ik 

Explain, by Sg. 196, wbythe liayt and mabU would evn^nhrae be equal, 
nere the ui* of the eanb peipemliciilaT to Oie plane of hu orbit. Wbat b 
the euiae of the unequal length* of the dayi and niglits io diffinnt joMi of 

thewmUl 

air 
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hemupheres, doM not coincide with tlie line of tbe axu md 
poles, as in fig. 190, but that the line formed by the darknesB 
and dte light, extends obliqaely across the fine of the earth's 
axis, so that the north pole is in the %ht, irhile the Hon^ is in 
the dark. In the position A, there^re, an obaerrer at the 
north pole would see Qie son constantly, while another at the 
south pole, would not see it at oil. Hence those living ia Ae 
north temperate zone, at the season of the year when the 
earth is at A,<Or in the summer, would have long days and 
short nights, in proportion as th«y approached the polar circle; 
iriiile those who lire in the south temperate zone, at the same 
time^ and when it would be winter Uiere, would have 'ong 
nigbte stnd short days in the same proportion. 
Seasons of the year. 
The vicissiSides of the seasons are caused by the annual 
roTolution of the earth around the sun, together with the in- 
clination of its axis to the plane of its orbit 

It has already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to be placed oa a level 
with the earth's horizon, and hence, that this plane is con- 
sidered the standard, by which the inclinadon of the lines 
crossing the earth, and the obliquity of the orbits of the other 
planets, are to be estimated. 

The equinocdal line, or the great circle passing round the 
middle of the earth, ia inchned to the ecliptic, as well as the 
line of the earth's axis, and hence in passmg round the son, 
Rg- 19T. the equinoctial line 

intersects, or cros- 
ses the ecliptic, in 
two places, opposite 
to each other. 

Suppose a b, fig. 
197, to be the eclip- 
tic, ef, the equator, 
and c d, the earth's 
axis. The ecliptic 
and equator are 
supposed to be seen 
edgewise, so as to 
appear like lines 
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instead of circles. Now it will be understood l>y the 6gan that 
the inclination of the equator to the ecliptic, (or the sun's ap- 
parent annua] path throueh the heaTens,) will cause Uiese 
lines, namely, the line of the equator and the Une of the eclip- 
tic, to cut, or cross each other, as the sun makes his appa- 
rent annual revoluticHi, and that this inlerceesion will happen 
twice in the year, when the earth is in the two opposite 
points of her orbit. 

- These periods are on the Slst of March, and the 21sl of 
September, in each year, and the points at which the snn is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the autvmnoJ eqinnox, 
and that which happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and seta at 6 o'clock, 
and the days and nights are equal in length inftrery part of 
ihefflobe. 

Irie solstices are the points where the ecliptic and (he 
equator at-e at the greatest distance from each other. The 
earth, in its yearly revolution, passes through each of these 
points. One is called the summer, and the other the winter 
solstice. The sun is said to enter the summer solstice on the 
Qlst of June ; and at this time, in our hemisphere, the days 
are longest, and the nights shortest On the Slat of Decem- 
ber he enters his winter soistice, when the length of the days 
and nights are reversed from what they were in June before, 
the days being shortest and the nights longest. 

Having learned these explanations, tlie student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the earth's 
revolutien. 

Suppose the earth, fig. 198, to be in her summer solstice, 
which takes place on the 2Ist of June. At this period ^e 
will be at a, haidng her north pole, n, so inclined towards the 
sun, that the whole arctic circle will be illuminated, and con- 
sequently the sun's rays will extend ^Qi degrees, the t»«addi 
of the polar circles, beyond the north pole. The diurnal revo- 

At what lunea in (he yeu do (be Hue of the ediptie and that of IIm eqni- 
Dot inlenect each other 1 What are then pranti of mtemction callnl 1 
Which U the ^utmoiiBl and irhich the Tenial eqoiiioz "i At whu tune does 
the Bun liie and get, when be !■ in the eqoinDies 1 What are the aobtkei 1 
When the iim enters the nurancr wMce, what ii sud of the ki^ of tt« 
dayaandmgblal When doei Ae om enM the wintei' agbliDe, i^ iriial ia 
Oie pcopoit^ between the length of the di^ndnghtil 
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lution, therefore, when the euth ia at a, caiuet n_ 
of day and nifht at the pole, sioce the whole ^gid zone i_ 
within reach of his rayB. The people who live within the 
arctic circle, will consequently, at this lime, enjoy perpetual 
day. During this period, just the game proportion of the 
earth that ia enlightened in the northern hemisphere, will be 
in total darkness in the opposite region of the southern hemi- 
sphere ; 90 that while the people of the north are blessed with 
perpetual day, those of the south are groping in perpetual 
night Those who Uve near the arctic circle in the north 
temperate zone, will, during the winter, come, for a few hours, 
within the region of night, by the earth's diurnal revolution; 
and the greater the distance ironi the circle, the longer will 
be their nights, and the shorter ibeir days. Hence, at this 
season, the days will be longer than the nights every where 
between the' equator and the arctic circle. At the equator, 
the days and nights will be equal, and between the equator 
and the south polar circle, the nights will be longer than the 
days, in the same proportion as the days are longer th&n the 
nights, from the equator to the arctic circle. 

At iriiat aruaii of the jetu ia t]» vhdia uctjc drde iltnminatcdl At 
irtui ■eamn ia the whi^ uitarctjc drcle in the dark^ While the pei^ 
neu the nnth pole enjoy peipettul daj, what ti the stiulkiu of thon uma 
the Kath pole^ AC wtut ■eaaon will the daji be longei than dw ni^ib 
wrerj where between the eqiutiiF and the Bictic drcle t At wtwl HaMU wfl 
the nighto be lonffcr thuk tw 3Mjn iu the MOt 
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As the earth moves round the sun, the line which divides 
the duknesa, and the li^ht, gradualiv approschea the poles, 
till having performed one quarter of ner yearly journey from 
the point a, she cornea to b, about the 21st of September. At 
this time, the boundary of light and darkness passes through 
the poles, dividing the earth equally from north to south; 
and thus in every part of the world the days and nights are of 
equal length, the sun being 12 hours alternately above and 
below the horizon. In this position of the earth, the sun is 
■aid to be in the autumnal equinox. 

In the progress of the earth from b to c, the light of the sun 
eradually reachea a little more of the anlartic circle. The 
aaya, therefore, in the northern hemisphere, grow shorter at 
svery diurnal revoluUon, until the 21st of December, when 
the whole arctic circle is involved in total dnj-kneas. And 
now, the same places which enjoyed constant day in the June 
before, ure involved in perpetual night. At this time, the 
sun, to those who live in the northern hemisphere, is said to 
be in his winter solstice; and then the winter nights are juat 
as long as were the summer days, and the winter days as long 
as the summer nights. 

When the earlh has gone another quarter of her annual 
(oumey, and has come to the point of her orbit opposite to 
where she was on the 2Ist of September, which happens on 
the 31st of March, the line dividing the light from Uie dark- 
ness again passes through both poles. In this position of the 
earth with reapect to the aun, the days and nighta are again 
equal aU over me world, and the sun is said to be in his vernal 
equinox. 

From the vernal equinox, as the earth advances, the north- 
em hemisphere enjoys more and more light, while the southern 
fells into the region of darkness, in proportion, so that (he 
days north of the equator increase in length, until the 2Ist of 
June, at which time, the sun is again longest above the hori- 
zon, and the shortest lime below it. 

Thus the apparent motioa of the sun, from eaat to west, is 
caused by the real motion of the earth from west to east. If 

When wis the days and nights be equnl in all puta of the earth 1 At 
wh^ Beasan of the jeai is toe whole arctic circle inToIved in daAoew 1 
When aro the dayii and n^hts equal all over the world \ When ia the »m 
n tbe lemii! equinox 1 What ia the cause of the aoparent motion of the 
nm Aran eut to nart 1 What ia the appaient path of the nm, but the nal 
path of the earth 1 
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the etrlh ia m *bj {xnnt of its orbit, the boo will alwajs aeem 
In the opposile point in the heavens. When the earth mores 
one degree to the weat, the sun aeema to move the same dis- 
tance to the east ; and when the earth haa completed one re- 
volution in its orbit, the sua appears to have completed a re- 
volution through the heaveoH. Hence, it follows, that the 
ecliptic, or the apparent pftth of the sun through the heavens, 
ia the real path of the earth round the sun. 

It will be observed by a careful perusal of the above expla- 
nation of the seasons, and a close loapection of the figure bj" 
which it is illustrated, that the sun constantly shines on a 
portion of the earth ei^ual to 90 degrees north, and 90 degrees 
south from his place m the heavens, and consequently, that 
he always enliffhtens 180 degrees, or one half of the earth. 
IC therefore, the axis of the earth were perpendicular to the 
plane of its orbit, the days and nights would every where be 
equal, for as the earth performs its diumal revolutions, there 
would be 12 hours day, and 12 hours nighL But since the 
inclination of its axis is 231 degrees, the light of the sun is 
thrown 231 degrees beyond the north pole; that is, it enlight- 
ens the earth 231 degrees further in that direction, when the 
north pole is turned towards the sun, than it would, had the 
earth's axis no inclination. Now, as the sun's light reaches 
only flO degrees north or south of his place in the neavens, so 
when the arctic circle Is enlightened, the antartic circle 
must be in the dark ; for if the hght reaches 23i degrees be- 
jond the norUi pole, it must fall 231 degrees short of the south 
pole. 

As the earth travels round the sun, in his yearly circuit 
this inclination of the poles is alternately towards, and trom 
him. During our winter, the north polar region is thrown 
beyond the rays of the sun, while a corresponding portion 
around the south pole enjoys the sun's light. And thus at 
the poles there are alternately six months of darkness and win* 
ter, and six months of sunshine and summer. While we, in 
the northern hemisphere, are chilled by the cold blasts of 
winter, the inhabitants of the southern hemisphere are enjoy- 
ing all the delights of summer ; and while we are scorched 

■hmyibeeqaiil Howmany d . . -» 

■aWh of him, on the eulh ^ !> 



iDchnation, why would the dayi uh 
in; de^iwa iW ihs mi'i li^t nacb, a 

1 During our winter, b the north {Ndatl 
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by Ae rayv of a rertictl sim in June tsd Jn^, oar aonthera 
no^tmrs are ihirering with the rigon of mid-winter. 

At die eqiutor, no such change* take plftce. The rayi of 
the sun, as the earth passea around him, are Teitical twice a 
year at every place between the tropics. Hence, at the eqna* 
tor, there are two summers and no winter, and as the son 
there constantly shinea on the same half of the earth in suc- 
cesaion, the days and nights are always equal, there being 12 
hours oflight, and IS of darkness. 

Motion of the Earth. — The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, while its tnolion 
on its own axis, at the equator, is at the rate of about 1043 
miles in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there is more rapid 
than towards the polea, in proportion to its greater distance 
from the axis of motion. See fig. 16. 

The method of ascertaining Ife velocitj' of the earth's mo- 
tion, both in its orbit and round its axis, is simple, and easily 
understood; for by knowing the diameter of the earth's or- 
bit, its circumference is reaSly found, and as we know how 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of th^ 
earth is as readily ascertained. 

We are insensible to these motions, because not only the 
earth but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the relation of 
objects in consequence of it If we look out at the window 
of a steam-boat, when it is in motion, the boat will seem to 
stand still, while the trees and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not hav- 
ing any obiect with which to compare this motion, whea shut 
up in the boat ; for then every object around tia keeps the 
same relative position. And so, in respect to the motion of the 
earth, having nothing wilh which to compare its movement ex- 
cept the heavenly bodies, when the earth moves in one direc- 
tion, these objects appear to move in the contrary direction. 

Causes of the Heat and Cold of the Seasons. 

We have seen that the earth revolves ron nd the sun in an 

At what rote docs the earth more iroond the nin 1 How ftst doei it 

mote trannd ita axis at the eqaotor 1 How is the idoefty of the euth H- 

•nuhwdl WbyueweimensblerfthB^ith'iinatlanl 
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elfiptical orlnt, of which the eun is one of the foci, and cons» 
auently, that die earth is nearest him, in one part of her oifnt 
'nan in another. From the great difference we experience 
between the heat of Bummcr and that of winter, we should be 
led to snppose that the earth must be muck nearer the sun in 
the hot season, than in the cold. But when we come to iih 
quire into this subject, and to ascertain the dialance of the 
sun at different seasons of the year, we find that the great 
source of heat and light ie nearest us during the cold of Win- 
ter, and at the greatest distance (luring the heat of summer. 

It has been explained, under the article Optics, that the 
angle of vision depends on the distance at ynich a body of 
given dimensions is seen. Now, on measuring the angtdar 
dimension of the sun, with accurate instruments, at diDerent 
seasons of the year, it has been found that his dimensions 
increase and diminish, and that these variations correspond 
exactly with the supposition, that the earth moves in an ellip- 
tical orbit If, for instance, his apj^rent diameter be taken 
in March, and then a^in in July, it will ba fonnd to have 
diminished, which dimmution is only to be accounted for, by 
supposing that he is at a greater distance from the observer in 
Jiuy than in March. From July, his angular diameter gra- 
dually increases, tilt January, wnen it again diminishes, and 
continues to diminish, until .Tuly. By many observations, it 



least diameter, and therefore his greatest distance, is in July. 
The actual di&rence is about mree millions of miles, the 
sun being that distance further from the earth in July than in 
January. This, however, is only about one sixtieth of his 
mean distance from us, and the difference we should experi- 
ence in his heat, in consequence of this difference of distance, 
will therefore be very small. Perhaps the effect of his proxi- 
mity to the earth may diminish, in. some small. degree, the 
severity of winter. 

The heat of summer, and the cold of winter, must therefore 

At what aeuon of tbe vear is the ann at the greateat, and at what aeaaon 
lbs least ^Maace, fmn uie earth 1 How h it aweitained that the eaitk 
morna in an elGptual orbit, by the appearance ofthenml When does the 



le Ereat«Bt apparent diameter, and when under ^i 



How nmch &ither is ate am (nm as ia July, than in Janviai; 1 What et 
ftct does thiiififieTeiice produce on theeaithi Howia tbeheataframtBtr, 
and the Bold of winter, accounled for 1 
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arise from tlie difierence in the meridian altitude of the sun, 
and in the time of his continuance above the horizop. In 
rammer, the solar rays fall on the earth, in nearly a perpen- 
dicular direction, and his powerful heat is then constantly ac- 
cumulated by the long Jays and short nig-hls of the season. 
In winter, on the contrary, the solar raya fall so obliquely on 
the earth, as to produce little warmth, and the small eiiecl they 
do produce during- the short days of that season, is almost en- 
tirely destroyed bv the long nights which succeed. The dif- 
ference between the effects of perpendicular and oblique rays, 
seems to depend, in a great measure, on the different extent 
of surface over which they are spread. When the rays of 
the aim are made to pass through a convex lens, the heat is 
increased, because the number of rays which naturally cov- 
ered a large surface, are then made to cover a smaller one, 
so that the power of the glass depends xm the number of rays 
thus brought to a focus. If, on the contrary, the rays of the 
sun are stSfered to pass through a concave lens, their natural 
heating power is diminished, because they are dispersed, or 
■pread over a wider surface than before. 

Now, to awly these different effects to the summer and 
winter rays ot^ the sun, let us suppose that the rays falling 
perpendicularly on a given extent of surface, impart to it a 
certain degree of heat, 
then it is obvious, that 
if the same number of 
raya be spread over 
twice that extent of sur- 
face, their heating pow- 
er would be diminished 
in proportion, and that 
onlyhalf the heat would 
be iim>arted. This is 
the eiftct produced by 
the sun's rays in the 
. winter. They fall so 
obliquely on the earth, 
as to occupy nearly 
double the space that 
the same munbra of rays do in the summer. 

Why do the perpendicnlM riye of Bummer produce greUer efleda th»ii 
the obbqne rays of winter 1 How iithiBilloatraledbjthe convei and conca*e 
kiHealllow is the actual diSerence ofthe tunuDet and wiuteinyiiliowDl 
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This is illoatrated by fig. 199, where the nomber of imym 
both in winter and sununer, sre mpposeil to be the same. 
Bat it will be observed, that the winter rays, owing to dieir 
oblique direction, are spread orer nearly twice as much snr- 
&ce as those of summer. 

It may, however, be remarked, that the hottest season is 
not usually at the exact time of the year, when the sun is mo«t 
vertical, and the days the longest, as is the case towards the 
end of June, but some time afterwards, as in July and August 

To account for this, it must be remembered, that when tbe 
gun is nearly vertical, the earth accumulates more beat by dav 
than it ^vea out at night, and that this accumulation conti* 
nuBS to mcrease after the days begin to shorten, and conse- 
quently, the greatest elevation of temperature is some time 
after the longest days. For the same reason, the thermome- 
ter generally indicates the greatest degree of heat at two or 
three o'clock on each day, and not at 13 o'clock, when flie 
sun's rays are most powerful. 

Figure of the Earth. 

Astronomera have proved that all the planets, together with 
their satellites, have the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose, that 
^e earth would be found of the same shape ; and several 
phenomena tend to prove, beyond all doub^ that this is its 
form. The figure of the earth is not, however, exactly that 
of a globe, or ball, because its diameter is about 34 miles less 
from pole to pole, than it is at the equator. But that its gen- 
eral figure is that of a sphere, or ball, is proved by many cir- 
enmHtauces. 

When one is at sea, or standing on the sea shore, the first 
part of a ship seen at a distance, is its mast As the vessel 
advances, the mast rises higher and higher above the horizon, 
and finally the hull, and \rtiole ship, become visible. Now, 
were the earth's surface an exact plane, no such appearance 
would lake place, for we should then see the hull long before 
die mast or rigjpng, becaose it is much the largest object 



Why U Dot the liottHt geuan of the year Kt diB period ydbaa tfao dm 
ue loi^eat, and the ran most veiticil 1 Wtut a the nneiaj Gnne of Iha 
cuthi How moch lewis the diuneleT of the euth at uie polefl Uun &t the 
eqaatotl Honistiie CMiveiitT of the Mith ytami, bj tba anrnwhof a 
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It win be plain by fig. 300, that wer« the ship, a, eleva- 
ted, ao that the hall should be on a horizontal line witli the 
eye, the whole ship would be visible instead of the topmast, 
there being no reason, except the convexity of the earth, why 
the whole ship should not be visible at a, aa well as^t 6. 

We know, for the same reason, that in passing over a hill, 
the topa of the trees are seen, before we can discover the 
gronnd on which they stand ; and that when a man approach- 
es from the opposite side of a hill, his head ia seen before his 
feet 

It is a well known fiict also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached the port 
from which they sailed. This could never happen, were the 
earth an extended plain, sinc6 then the longer the navigator 
sailed in one direction, flie further he would be from home. 

Another proof of the spheroidal form of die earth, ia the 
figure of its shadow on the moon, during eclipses, which sha- 
dow is always bounded by a circular line. 

These circumstances prove beyond all doubt, that the fonn 
of the earth is globular, but that it is not au exact sphere; and 
that it ie depressed or flattened at the poles, is shown by the 
difference in the lengths of pendulums vibrating secondB at 
the poles and at the equator. 

Under the article pendulurn, it was shown that its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth b the centre of ^is attraction, so the nearer this in- 
strument is carried to that point, the stronger will be the at- 
traction, and consequently the more frequent its vibrations. 

From a great number of experiments, it has been found 

Expbunfig.90O. Whitolber proo&ofthei^nlualupeof Ibeeuthm 
nwnljoned % How v it prored bj the vibntttoM uf the penduhnn, [lud tha 
euUi ia flatteiwd at Ihe poluB 1 
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that t pendulum, which vibistes secoDde at the equator, has 
its nainber of Tibiatione increased, when it is carried towards 
Ibe poles, and as its nuinber of vibralions depends upon its 
leogth, a clock which keepe accurate time at the equator, muat 
hare its pendulum lengthened at the poles. And so, on the 
contrary, a clock going correctly at, or near the poles, must 
have its pendulum shortened, to keep exact time at the equa* 
tor. Henee the force of gravity is greatest at ^e polee, and 
least at the equator. 

E%- 901. The manner in which the 

figure of the earth differs from 
tbtt of a aphere, is represented 
by fig. 201, where n is the 
niTrthpole,and5 the south pole, 
the line from one of these points 
to the other, being the axis of 
the earth, and the line crossing 
this the equator. It tvill b« 
seen by this figure that the 
surface of the earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difierence between 
r and equatorial diameters is in the proportion of 300 
The earth is therefore called an oblate spheroid, the 
word oblate signifying the reverse of oblong, or shorter in one 
direction than m anower. 

Tlie compression of the earth at the poles, and the conse- 
quent accumulation of matter at the equator, is probably the 
effect of its diurnal revolution, whUe it was in a soft or plastic 
slate. If a ball of soft clay, or putty, be made to revolve 
rapidly, by means of a slick passed through its centre, as an 
axis, it will swell out in the middle, or equator, and he de- 
pressed at the poles, assuming the precise figure of the earth. 
This figure is the natural and obvious consequence of the 
centrifu^ force, which operates to throw the matt^ off, in 
proportion to its distance from the axis of motion, and the 
npidity with which the ball is made to revolve. The parts 
about the equator would therefore lend to fly ofi*, and leave 

In what propottion U the polar, less than the emulorial diameter 1 Wha( 
U the p«nh calleil, in reference hi this figure 7 How is it auppoeeil th&t It 
caiof (o have thii tbrm 1 How it- the (bmi of the earth iitustraled by eipe- 
riiaent 1 ExpUin the leoMn why a plastic ball will awell at Che equatoi, 
when made to revdve. 
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toe other parts, in coaaUfaeaeB of the eentriftinl force, wUle 
thou about the polee, bein^ near the centre of motion, would 
leceive & much uaaller unpOlse. Consequently the ball 
vonld swell, or bulge out at the equator, which would produce 
a corresponding depresfrion at the poles. 

The weight of a body at the poles is found to be greater 
thaD at the equator, not onlr because die poles are nearer 
the centre of the earth than tlie equator, but because the cen- 
trifugal force there tends to lessen its gravity. The wheels 
of machines, which rerolve with the greatest rapidity, are 
made in the strongest manner, otherwise they will fly in 

Sieces, the centrifuf^ force not only overcoming the gravity, 
lit the cohesion of their parts. 

It has been found, by calculation, that if the earth turned 
over once in 84 minutes and 43 seconds, the centriiiigal force 
at the equator would be equal to the power of gravity there, 
luid that bodies would entirely lose their weight. If the 
earth revolved more rapidly than this, all the biiilaings, rocks, 
moimtains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the earUi. 

SoloT and Siderial Time. 

The stars appear to go round the earth in 33 hours, 66 
minutes, and 4 seconds, while the sun appears to perform die 
same revolution in 24 hours, bo diat the stars gain 3 minutes 
and 56 seconds upon the sun every day. In a year, this 
amounts to & day, or to the time takea by the earth to per- 
form one diurnal revolution. It therefore luippene, that wnen 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the earth, while, if measured 
by the sun from one meridian to another, there are only 365 
whole days in the year. The tbrmer are called the siderial, 
and the latter solar days. 

To account for this diflerence, we must remember that the 
earth, while she performs her dailr revolutions, is constantly 
advancing in her orbit, and that, therefore, at 12 o'clock to- 
day, she is not precisely at the same place in respect to the 

WbAt two caiuea rEniler tlie weights of bodiea lesa at the eqiutor thui M 
the poles 1 WliU would be the coiuequeiira on tlie weigbU of tiodiea at tbs 
eqiialciT,didtlieeBithtumoveroncein84iiiiiiutesai]d43Becouli1 The Man 
uraeu to roovt rooni tba euih in lew tjme than the mn, what does tha 
fBanaMamounttoin Ajearl WliUiillwjpauaMaindlijaiMMMI 
What b that mMsared t7 tbe sun called 1 
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■im, that the was at 13 o'clock je»terHty, or will be to-inor- 
roiv. But the fixed stars are at such an amanng distance 
from tu, that the earl's orbit, in respect to them, is but » 
point; and therefore, as the earth's diurnal motion is perfectly 
uniform, she reTolres from any given star to the same star 
again, in ezactly.the same period of absolute time. The orbit 
of the earth, were it a eoUd mass, instead of an imagioary 
rircle, would have no appreciable length or breadth, when 
seen from a fised star, and therefore, whether the earth pei^ 
formed her diurnal revolutions at a particular station, or woile 
passing round in her orbit, would make no appreciable difler- 
euce with respect to the star. Hence the same star, at every 
complete daily revolution of the earth, appears precisely in 
the same direction at all seasons of the year. The moon, for 
instance, would appear at exactly the same point, to a person 
who walks rauna a circle of a hundred yards in diameter, 
and for the same reason a star appears in the same direction 
fi^m all parts of the earth's orbit, though 190 millions of miles 
in diameter. 

If the earth had only a diurnal motion, her revolution, in 
respect to the sun, would coincide exactly with the same 
revolutioa in respect to the stars ; but while she is making one 
revolution on her axis towards the east, she advances in the 
same direction about one degree in her orbit, so that to bring 
the same meridian towards the sun, she must make a little 
more than one entire revolution. 
^.903 




thUilhutntedl. 
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To make this plain, etippose the tun, a, fig. 20S, to be ex- 
actly on a meridian line marked at e, on tite earth A, on a 
^ven day. On the nest day, the earth, instead of bein^ at A, 
as on the day before, adTancea m its orbit to B, and in the 
mean time having completed her revohition, in respect to a 
star, the same meridian line is not brought under the sun, as 
on ihe day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from e 
to o, in order to bring the same meridian again under the sun. 
So on the nest day, when the earth is at C, she must again 
complete more than two revolutions, since leaving A, by the 
space from e to o, before it will again be noon at e. 

Thus, it is obvious, that Uie earth must complete one revo- 
lution, and a portion of a second revolution, equal to the space 
she has advanced in her orbit, in order to bring the same me- 
ridian back again to the sun. This small portion of a second 
revolution amounts daUv to the 366th part of her circumfer- 
ence, and therefore, at the end of the vear, to one entire rota- 
tion, and hence in 366 days, the earm actually turns on her 
axis 366 times. Thus, as one complete rotation forms a si- 
derial day, there must, in the ^ear, be one siderial, more than 
there are solar days, one r6tatioB of the earth, witii respect to 
theaun, being lost, by the earth's yearly revolution. The same 
loss of a day happens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rismg and 
setting of the sun. If he passes round hnmrds the east, he 
will gain a day for the same reason. 

EqwiUonof Time, 

As the motion of the earth about its axis is perfectiy uni- 
form, the siderial days, as we hare already seen, are exactly of 
the same length, in all parts of the year. But as the orbit of 
the earth, or the apparent path of the sun, is inclined to the 
earth's axis, and as the earth moves with different velodtiea 
in difierent parts of its orbit, the solar, or natun^ days, are 
sometimes greater and sometimes less than 34 hours, as shown 



not the eaith tamthe same meridian la the nui at the unw lime everf day 1 

dayita tliejearl Wh' 
itUiiluuiiUlmint ' 



D,mi,.=db, Google 



24S TIHE. 

b^ an uennle clock. The consequence isi that & tne nm 
dial, or noou mark, and a trne time piece, agree with each 
other, only a few times in a year. Tne diflerence between 
the aun dial and clock, thus shown, is called the equation of 

The difference between the son and a well renili^ted dock, 
thus arises from tvo causes, the inclination of tne earth's aii< 
to the ecliptic, and the elliptical form of the earth*s orbit. 

That the earth moves in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the earth't 
axis is mclined to the ecliptic, have already, been explained 
and illustrated. It remains, therefore, to show how these 
two combined causes, the elliptical form of the orbit, and th>i 
inclination of the axis, produce the disagreement between tfar 
um and clock. In this explanation, we must consider the 
sun as moving arotind the ecliptic, while the earth revolves on 
her axis. 

Eguai, or Tnean time, is that which is reckoned by a clock, 
supposed to indicate exactly 24 hours, from 13 o clock on 
one day, to 12 o'clock on the next day. AppareiU time, is 
that which is measured by the apparent motion of the sun in 
the heavens, as indicated by a meridian line, or sun dial. 

Were the earth's orbit a perfect circle, &g. 196, and her 
axis perpendicular to the plane of this orbit, the days would 
be of^ umform length, and there would be no difference be- 
tween the clock and the stm ; both wonld indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the echptic, unequal 
portions of the sun's apparent path through the heavens will 
pass any meridian in equal times. This may be readily ex- 

£lained to the pupil, by means Of an utificial globe, but per- 
aps it will be understood by the following diagram. 



jjuoiiig eqiulian of time, \that motion iseoiuidand u bcdoD^nir to tbo wan, 
•nd what motion to tlweaithl Wlut ii eqoal, oi mnn tinuf W^ > 
apfiurat tine 1 
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JjetANBS,6B. 
a03, be the concave 
of the heacenB, in the 
centre of which ie 
the earth. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
jLg let A, 0, £, C, c, and 
d, be the eclipti<?, or 
the apparent path ol 
the Bun through the 
heavenB. Also, let 
A, 1, 2, 3, 4, 5, be 
equal distanceB on 
the equator, and A, a, 
b, C, c, and d, equal 
" portions of the eclip- 

tic, corresponding with A I, 3, 3, 4, and 5. Now we will sup- 
pose, that there are two auna, namely, a false, and a real one ; 
that the folse one piasses through the celestial equator, which 
is only an extension of the earth's equator to the heavens ; 
while the real sun has an apparent revolution through the 
ediptic ; and that they both start from the point A, at the 
same inatant. The false sun is supposed to fnss through the 
celestial equator in the same time, that the real one passes 
through the ecliptic, but not through the same meridians 
at the stime time, so that the false sun arrives at the points 
1, 3, 3, 4, and 5, at the time when the real sun arrives at 
the points a, h, C, and c. When the two suns were at A, 
the starting point, they were both on the same meridian. 
but when the fictitious sun comes to 1, and the real sun to a, 
they are not in the sam<; meridian, but the real sun is west- 
ward of the fictitious one, the real sun being at a, while the 
lalse sun is on the meridian 1, consequently, as the earth 
turns on its axis from west to east, any particular place will 




true am pBss^ When the n«l sun aitivei to a, uid the false o 
are thej both on the >aiDe mehdian? Which la then moM westwuil') 
When the tno Buna aie at 1 and a, why will any meridian come Gnt 
undffl the real aunl Were the true ran m place of the &lie Otts, irtiy 
would the nm and dock agreel 
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come nnder the son's real meridian, vooner than under the 
fiditioua son's meridiui ; that is, it w3l be 12 o'clock by die 
tme ami, Wore it ie 12 o'clock by the &lse sun, or by a tme 
clock ; but were the true sun in place of the &lse one, the 
mm and clock would agree. While the true sun is paseii^ 
through that quarter of his orbit, from a to C, and the ficti- 
tious sun from 1 to 3, it will always be nooo by the true son 
before it is noon by the false sun, and during this period, the 
sun will be /aster than the clock. 

When the true sun arrires at C. and the &lsfl one at 3, Avy 
are both on the same meridian, and the sun and clock agree. 
But while the real sun is passing from C to B, and the false one 
from 3 to B, any meridian comes later imder the true sun than 
it does under the ialse, and then it is noon by the sun alter it 
is noon by the clock, and the sua is then said to be slower than 
the clock. At B, both suns are again on the same meridian, 
and then again the sun and clock agree. 

We have thus followed the real sun through one half of his 
true apparent place in the heavens, and the fiilse one through 
half the celestial equator, and have seen that the two subs, 
since leaving the ptnnt A, have been only twice on the same 
mwidian at uic same time. It has been aupposed that the ttro 
jtuns passed through equal arcs, in equal tunes, the real sun 
throudi the ecliptic, and the false one through the equator. 
The place of the false sun may be considered as representing 
the place where the real sun would be, in case the earth's axis 
had no inclinatioo, and consequently it agrees with the clock 
every 24 hours. But the true sun, as he passes round in the 
«cliptic, comes to the same meridian, sometimes sooner, and 
sometimes later, and in passing around the other half of the 
ecliptic, or in. the other half year, the same variations succeed 
each oQier. 

The two suns are supposed to depart from the point A, on 
the 20th of March, ai which time the sun and clock coincide. 
From this time, the sun ia faster than the clock, until the two 
suns come together at the point C, which is on the 31st of 
June, when the sun and clock again agree. From this period 
the sun is slower than the clock, until the 23d of September, 

While the auiu axe pasajoa ttoai A to C, and tram 1 to 3, will the 
can be &stci or slower thui Uk clock % Yntm the two wns an nt C, 
■lid 3, wh; will the sun and clock agree 7 WUIe the real nm ia fuuDf 
fton B to C, which U fiwtest, die ckdc, or eon? What does tb* {face ol 
«hc fidae sun repreeenl, in fig, 2031 
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ad faxtfT again imtil the Slet of December, at which time 
tbey agree as before. 

We nave thus seen how the inclination of the earth's axis, 
and the coneeqneot obliquity of the equator to the ecliptic, 
CBuaefl the sun and clock to disagree, and on what days th^ 
would coincide, provided no other cause interfered with their 
agreement But although the inclination of the earth's axis 
would bring the sun and clock together on the above-men- 
tioned days, yet thia agreement is counteracted by another 
cause, which is the elliptical form of the earth's orbit, and 
lliougb the aun and clock do. agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth movea more 
'rapidly in one part of ite orbit than in another. When it is 
nearest the sun, which is in the winter, its velocity is greater, 
than when it is most remote from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
would coincide on the days above specified, because then the 
only disagreement would arise from the inclination of the 
earth's axis. But since the earth's distance from the sun is 
constantly changing, her rate of velocity also changes, and 
ehe passes through unequal portions of her orbit in equal 
titDes. Hence on some days, she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequaUty of the sun's apparent motion. 

The elliptical form of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the earth is at the ^^ateat distance from the sun, which hap- 
pens on the Ist of July, and when she is at the least distance 
m>m him, which happ^[is on the 1st of January. As the earth 
moves faster in the winter than in the summer, from this 
cause, the sun would be &ster flian the clock from the lat of 
July to the 1st of January, and then slowec than the clock 
firom the 1 st of January to the Ist of July. 

We have now explained, separately, the two causes which 
prevent the coincidence of the aim and clock. By the first 
cause, which is the inclination of the earth's axis, they would 

The iacUnation of the OBith's uia would make the saa BJtd doti agree 
in ManJi, &nd the other rnonthii above named ; why then do they not ao- 
tnallj agree at those ttmea \ Were the e&rth'H ortit a perfect circle, Mi 
what days woold the bod and dock agree 1 How does the tbrm of the 
earth's oitat interfere with the agreemeiit of the mn and clock on thiNS 
daysl ix what timei would the (aim of the earth's oibit bring die ran 
and dock to agree 1 
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agree four timeB in the year, and by the second cause, the ir 
re^larity of the earth's motion, they would coincide only 
twice in the year. 

Now these two causes counteract the efiects of each other, 
so that die atin and clock do not coincide on any of the days, 
when either cause, taken singly, would make an agreemeni 
between them. The eun and clock, therefore, are together, 
only when the two causes balance each other ; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This effect is produced four times 
in the year; namelv, ofl the 15th of April,15th of June, Slst 
of Auguat, and 24ln of December. On these days, the sun 
and a clock keeping exact time, coincide, and on no others. 
The greatest difference between the sun and clock, or between 
apparent and mean time, is IM minutes, which takes place 
about the let of November. 

Precession of the Equinoxes. 

A tropical year is the time it takes the sun to paaa from 
one equinox, or tropic, to the same tropic, or equinox, again, 

A siderial year ia the time it takes the aun to perform his 
apparent annual revolution, from a fixed star, to the same fix- 
ed star again. 

Now it has been found that these two complete revolutions 
are not finished in exactly the same time, but that it takes the 
sun about 20 minutes longer to complete his apparent revolu- 
tion in respect to the star, than it does in respect to the equi- 
nox, and hence the sidcrial year is about 20 minutes longer 
than the tropica] year. The revolution of the earth from 
' equinox to equinox, again, therefore precedes its complete re- 
volution in the ecliptic bj about 20 minutes, for the absolute 
revolution of the earth la measured by ils return to the fixed 
star, and not by the return of the sun to the same equinoctial 
poinL This aopareut Mlin^ back of the equinoctial point, 
so as to make the time when it meets the sun precede the time 



The indiiution of tin euth's uis ffotdd m&te the ma and dock 
agree four tiuiea in the ym, and the form of the earth's orbit would 
make them agree twice in the jear, now show the reason wh; they do 
not e^fee from these causes, on the above aentioned days, and nhj they 
do af;ree on other days. On what dajs do the sun and. cknk agree } 
What b a tn>[«al year1 What is a oderial yearl What is the £< 
fisence in the time which it takes the son to complete his reiohilion in 
respect to a star, and in respect to the equinox i Explain what is meant 
\if the preeesskin of the equiaoieg. 
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triien ^ earth makes its c<»Dplete revolation in respect to the 
star, is called Ae precession of the equitiaxes. 

"The distance wnich the sun thus sains upon the fixed star, 
or the di&rence between the sun ana star, when the sun has 
arrived at the equinoctial point, amounts to 60 seconds of a 
de^e, thus making the equinoctial point recede 60 seconds 
of a degree, (when measured by the signs of die zo^c,) 
westward, every yeart contrary to the sun's annual progresuve 
motion in the ecliptic. 

Fig. 904. 




s W a figure, suppose S, fig. 204, to be the 

ind a &ed star, all in a straight line with 



To illustrate this by 
sun, E the earth, i . „ 

respect to each other. Let it be Bupposed that this opposi. 
tion takes place on the Slst of March, at the vernal equinoz, 
and that at that time the earth is exactly between the sun uid 
the star. Now when the earth has performed a complete 
revolution around its orbit b, a, aa measured by die star, she 
will arrive at precisely the same point where she now is. But 
it is found that when the earth comes to the same equinoctial 
point, the next year, she has not gone her complete revolutioil 
m respect to the alar ; the etjuinocti^ point having &llen back 
with respect to the star, dunng the year, from £ to e, so that 
the earth, after ving completed her revolution, in retipeet lo 

How many mMmdi-of a „. . 
when llw inn's [due b onpu 
hutnle the preocsDcm of llic ec. 

li back fiom year b ym. 
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Ae equiDox, has yet to pass (be ipaee from e to E, to earn 
[dete ner rerolution in respect to the star. 

The space from E to e, being 60 seconds of a degree, and 
the equinoctial point falling this space every year short of the 
place where the sun and this point agreed the year before, h 
18 obTious, that on the next revolution of the earth, the e<]in- 
nox will not be found at e, but at i, so that the earth, hanng 
completed her second reTolntion in respect to the Bnn when at 
i, will still have to pass from i to E, before she completes an- 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de- 
gree, every year, contrary to the sun's a[:^>arent motion, or 
about 20 minutes in time, short of the point where the sun 
and equinoxes coincided the year before, it follows, that the 
fixed stars, or those in the sign of 'the zodiac, move forward 
every year BO seconds, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in the beginning of tbe sign Aries, for in- 
stance, will then, appear in the beginning of^Taurus, having 
moved forward one whole sign, or 30 degrees, with respect to 
the equinoxes, or the equinoxes having gone backwards 30 
degrees, with respect to the stars. In 12,960 years, or 6 times 
2160 years, therefore, the stars will appear to have moved 
forward one half of the whole circle of the heavens, so that 
those which now appear in the first degree of the sign Aries, 
will then be in the opposite point of the zodiac, and therefM^ 
in the first degree of Libra. And in 13,690 years more, be- 
cause the equinoxes will have fallen back the other half of 
the circle, the stars will appear to have gone forward, from 
Libra to Aries, thus completing the whole circle of tlie zodiac. 

Thus in about 26,000 years the equinox will have gone back- 
wards a whole revolution around the axis of the ecliptic, uid 
the stars will appear to have gone forward the whole circle of 
the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 
an agreement between ancient and modem observations, con- 

How nuDj minutei, in time, is the preceseicm of the eqainoiea per 
jeor 1 What eSect does this precearaoQ produce oa the filed sUn 1 
How many ye«rg is n star in gcing forward one degree, in respect to the 
e^uinaiea 1 In hen man; jetis wilt the Mara appear to have paaaed 
h&lf around t^e heavens 1 ui what penod will the earth appeal to havo 
gone bv^nuds one nhole levohitian'! In wha IM^ect H tbf pwOM 
MM) of threquioona an impoTtant subject 1 
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g the plBoM of the signs of Ae zodnc, not to be reeoii- 
dkd IB any other mEomer. 

A com^Mete explanuion of the cause wUch occasions die 
preoeBsion of the equinoxes, would reqnire the add of the most 
abstruse nnthematicB, and therefore cannot be propedy in- 
troducel here. The cause itself may, however, be staUd in 
a few words. 

It has already been explained, that the revolution of the 
est^ round its axis, has caused an excess of matter to be 
accumulated *t the equator, and heoee, that the equatorial, is 
greater dian the polar diameteT,.by 34 miles. Now the at- 
tractioi of the eon, and moon, on this accumulated matter at 
the equator, lita the effect of slowly turning the earth alwut 
the axis of the ecliptic, and thus causing the precession of the 
equinoxes. 

7T4e Moon. 

While the earth revolres round the sun, the moon rerolTcs 
round the earth, completing her revolution once in 37 days, 
7 hours, and 43 minutes, and at the distance of 240,000 miles 
from the earth. The period of the moon's change, that is, 
from new moon to new moon again, is 29 days, 12 nours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical month ; and the time from change to change 
ia called her eynodicai month. If the earth had no annual 
mntioD, these two periods would be equal, but because the 
earth goes forward in her orbit, while the moon goes round 
the earth, the moon must go as much farther, from change to 
change, to make these penods equal, as the earth coea for- 
ward during that time, which is more than the tnelfm part of 
her orbit, there being more than twelve lunar periods in the 

These two revolutions mav be familiarly illustr&ted by the 
motions of the hour and mmute hands of a watch. Let us 
suppose the 12 hours marked on the dial plate of a watch to 
represent the 13 signs of the zodiac through which Uie son 
seems to pass in his yearly revolution, while the hour hand of 

Whu IB the cause of the preceBuon of the equinaies 1 What h the 
period of the moon's reToloUon round the earti') What is the period 
nom new moon to now luoou leaiii "i What are these two periods 
csUedl Why are not the poriodic3 and aynodical monlha equai? How 
are these two levoludoiu of the looon tUixtraled br tlis two haodi of 
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the wBteh reprewnU the mm, and ibe minnte hand the moos. 
^len, u the houi hand goes around the dial plate once in 12 
botm, so the ann appaiently goes around the zodiac once in 
12 months ; and as the cunnte hand makes 12 revolntiotu to 
one of the hour band, so the moon makes 12 revohitionB to 
one of the aun. But the moon, or minute hand, must go more 
than ODce round, from any point on the circle, where it last 
came in conjunction witli the sun, or hour hand, to overtake 
it again, aince the hour hand will have moved forward of the 
place where it was last overtaken, and consequently the next 
conjunction must be forward of ^e place where the last hap- 
pened. During an hour, the hour hand describes the twelfUt 
port of the circle, but the minute hand hsi not only to go 
round the whole circle in an hour, but also such a portion of 
it, as the hour hand has moved forward since they last met 
Thus at 12 o'clock, the hands are in conjunction ; die next 
conjnnclion is 6 minutes 27 seconds past I o'clock; the next, 
10 min. 54 sec. past 11 o'clock ; the third, IS min. 21 sec 
post lU ; the 4th, 21 min. 40 sec past IV : the 6th, 27 min. 
10 sec past V ; the 6lh, 33 min. 43 sec past VI ; the 7lh, 
38 min. 10 sec past VU ; the 8tb, 43 min. 38 sec past Vm ; 
the 9th, 40 min. 5 sec past IX ; the lOtb, 64 min. 32 sec 
past X; and the next conjunction is at XII. 

Now althoUKh the moon passes around the earth in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sioned by her revolutions alone, but by her coming periodical- 
ly into the same position in respect to the sun. At ner chan^ 
sne is in conjimcdon with the sun, when she is not seen atajl, 
and at this Ume astronomers call it new moon, though gene- 
rally, we say it is new moon two day^ afterwards, whra a 
small part of her fece is to be seen. The reason why Qiere 
is not a new moon at the end of 27 days, will be obvious, from 
the motions of the hands of a watch; for we see that moi« 
than a revolution of the minute huid is required to bring it 
again in the same position with the hour lund, by about the 
twelilh part of the circle. 

The Mune principle b true in respect to the moon ; for u 

Mentirai the tiroe of aeienl coujunctioiu Intween the two haodi of ■ 
watdt Why do not the moon'a change! t^ [jace U, the peiioda oT 
bei terotnlun Binoiid the esith 1 How much loBgei doee it take the 
moon Co cooie cgun in conjunctioQ with the Mm, uui it dose to perftm 
her peiiodiial revolutioD 1 
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the eardi adnmcea in itfi orUt, it takes the motm 2 days 5 
honrs and 1 minute longer to come agsin in conjunction with 
the Bun, than it does to make her monthly revolution round 
the earth ; and this 2 davs 5 hours and 1 minute being added 
to 27 dftys 7 hours and 43 minutes, the tiAie of the periodical 
revolution makes 29 daya 13 honra and 44 minutes, the 
period of her synodical revolution. 

The moon uways presents the same side, or (ace, towards 
the eardi, and henc« it is evident that she turns on her axis 
but once, while she is performing one revolution round the 
earth, so that th« inhabitants of the moon have bat one day, 
and one nieht, in the course of a lunar month. 

One hall of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earth, during the sun's absence. The 
other half of the moon enjoys alternately two weeks of tiie 
sun's Ught, and two weeks of total darkness. 

The moon is a globe, like our earth, and, like the earth, 
shines only by the light reflected &om the sun; therefore, 
while that half of her which is turned towards the sun is 
enlightened, the other half is in darkness. Did the moon 
shine hy her own Ught, she would be constantly visible to us, 
for then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to us, respecting 
the moon, is, the constant changes which she undergoes, in 
her passage around the earth. When she first appears, a day 
or two afler her change, we can see only a small portion of her 
enlightened side, which is in the form of a crescent ; and at 
this time she is commonly called new moon. From this peri- 
od, she goes on increasing, or showing more and more of her 
foce every evening, until st last she becomes round, and her 
fiice fully illuminiUed. She then begins again to decrease, by 
apparently losing a small section of her &ce, and the next 
evening, another small section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ; 
and having been absent a day or two, re-appears, in the form 
of a crescent, or new moon, as before. 

How k it proved that tbe moon ratkf but OM lerohitkiD m her uh, 
u aha puna ummd the euthi One luJf of Ibe moon i* aerar in tlM 
ilarki enilBin whj thu n so. How king M the dnj tid nigbt at On 
otlwT half} Hon b it nhown that Ibe dmcu ihinai mh by nftcM 
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When dwmoOD An|q)eara,flbeiaaud to be in eoiqimctiaiit 

ihkt w, ihe if in the nne dircctimi from na with the gtm. 
When the i* AiD, (4k i* said to be in opponlion, thitis,aheis 
in thnt pnit of the heavens opponte to the sun, m Men hy n*. 
Hie aifimnt appearenceB of ihe moon, frain »aa tojidl, 
and from fiiU lo change, are Cwinr to her presenting different 
pntiaiu of her enUghtened stance lowards ns at diferent 
times. 11ieseappeanncesarecaIIedlhepAa<woflbenioaa,and 
are eaaOriecoiuiiedfor. and nndentood, br the foUoiring fignie 




Let S, fig. 205, be the nun, E the earth, and A, B, C, D, 
E, (he moon in different parts of her orbit. Now when the 
moon changes, or is in conjunction with the sun, as at A, her 
dark side is tufued towards the earth, and she is invisible, as 
represented at a. The sun always shines on one half of the 
moon, in every direction, as represented at A and B, on the 
inner circle ; but we at the earth can see only such portions of 
theenlie^htenedhalfasare turned towards us. After her change, 
when she has moved from ^ to B, a small part of her illumi- 
nated side comes in sigftt, rfnd she appears horned, as at fi, and 
is (hen called theneio moon. When she arrives at C, several 
days aAerwards, one lialf of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
At this point she is said to be in her^rst quarter, because she 
has passed through a quarter of her orbit, and is 90 dep^ea 

Wb«n !■ the moon said to be in conjonetion with Iho sun, »nd whenin oppo- 
■UiMitotheaunl What ue the phases of the moon i Denmbe fie- 305, and 
•how hoiT Um moon puw* ton change to M, and frun fidi la^iuige. 
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from the place of ber canjunction witih tbe sun. At D, she 
shows UB BtiU more of her enlightened side, and is then siud 
to B[»>ear gibbous, tw at d. When she comes to JE, hsr whole 
ettfighteoea side is turned towards the earth, and she appears 
in aU the splendor of a full moon. During the other half of 
her resolution, she daily shows less and less of her illuminated 
side, until she again becomes invisible hy her conjunction 
with the sun. l^us in passing from her conjunction a, to 
her full, e, the moon appears every day to increase, while bi 
going from her full to tier conjunction again, she appears to 
US constantly to decrease, but as seen &om die sun, she ap- 
pears always fulL 

The earth, seen by the inhabitanta of the moon, exliibila 
the same phases that the moon does to ub, but in s' contrary 
order. When the moon u in her conjunction, and con- 
sequently invisible to us, the earth appears full to the people 
of the moon, and when the mocm is full to us, the earth is 
dark to them. 

The earth appears thirteen times larger to the lunarians 
than the moon does to us. As the moon always keeps the 
some side towards the earth, and turns on her axis only as she 
moTes round the earth, we never see her opposite Bide. Con- 
sequently, the lunarians who live on the opposite side to us 
nev«r see the earth at alL To those who Jive on the middle 
of the side next to us, onr earth is always visible^ and directly 
over head, turning on its axis nearly thirty times as rapidly 
as the moon, for she turns only once in abont thirty days. 
A lunar astronomer, who should nappn to live directly ca>pa- 
site to that side of the moon, which is next to us, would have 
' to travel a quarter of the circumference of the moon, or about 
1500 miles, to see our earth above the horizon, and if he had 
the Curiosity to see such a glorious orb, in its full splendor 
over his head, he must travel 3000 miles. But if hia curiosity 
equalled that of the terrestrials, he would be amply compensated 
by beholding so glorious a nocturnal luminary, a moon thir- 
teen times as large as ours. 

That the earfii shines upon the moon as the moon does npoa 
as, is proved by the tact ttut the outline of her whole disc may 

WLat y said •xmcenung the [duifes of the euth, u seen from the 
laooa i When does the eaith appear liill at the moon t When b the 
nuth, in her change, to the peojje of the toocral Why do tbon who 
five on one ode of the moon never tee the earth 1 Hew is tt known 
IfaRt the nrth shinei uptm the moon, as tliB nwui doei una ua 1 
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be seen, when only a iiert of it is enlightened by the Bim. 
Thus when the sky is dear, and the moon only two or three 
days old, it is not uncommon to see the brilliaat new moon, 
widi her honu enlightened by the sun, and at the same time, 
the old moon fiiintlj illuminated bv reflection from the eajrth. 
This phenomenon is sometimea caUed " the old moon in the 
new moon's anns." 

It was a disputed point among fonner astronomers, whether 
the moon has an atmosphere ; Init the more recent diacoTeries 
hare decided that she has an atmosphere, though there ia 
reason to believe dial it is much less dense than ours. 

When the moon's surface is eiamined through a telesocpe, 
itis found to be wonderfully dirersified, for besides the dai^ 
spots perceptible to the naked eye, there are seen extensiT* 
valleys, and long ridges of highly elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than 3 miles deep, and almost 
exactly circular, appear excavated on the plains. Astronomen 
have been -at vast labor to enumerate, figure, and describe, ths 
mountains and spots on the aurbce of the moon, eo that tha 
latitude and longitude of about 100 spots bare been ascertain- 
ed, and their names, shapes, and relative positions given. A 
stUl greater number of mountains have been named, and their 
heights and the length of their bases detailed. 

'The deep, caverns, and broken appearance of the moon's 
surface, long since induced astronomers, to believe that such 
effects were produced by volcanoes, and more recent discov- 
eries have seemed to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw with his telescope, what 
appeared to him three volcanoes in the moon, two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in vast 
quantides. 

It was formerlv believed that several large spots, which ap- 
peared to have plane surfaces, were seas, or lakes, and that a 
part of the ^moon's surface was covered with water, like that 
of our earth. But it has been found, an closely observing 
these spots, when they were in such a position as to reflect 
the sun's light to the earth, had they been water, that no 
aueh reflection took place. It has also been found, that when 

What U uid coocenAna the moon'i atmcaplure 1 How faigti u* 
■omaof the inoiinteirut, ind how deep the canms of the moMil TThat 
k Hud ecaeeaiiiig the vakuuwi of Dw nwoD 1 
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theae spots were turned in a certain position, their surfaces 
sppesred ron^h, and uneren ; a certain indication that they 
are not water. These circumstances, together with the fact, 
that the moon's sur&ce is never obscured by mist or vapor, 
arising from the evaporation of water from her surface, have 
induced astronomers to believe, that the moon haa neither 
seas, lakes, nor rivers, and indeed that no water exists there. 



Every planet and satellite in the solar system is illuminated 
by the sun, and hence they cast shadows in the direction op- 
posite to him, just as the shadow of a man reaches from the 
sun. A shadow is nothing more than' the interception of the 
imyt of light by an ooaque body. The earth always makes a 
shadow, which reacnes to an immense distance into open 
space, in the direction opposite to the son. When the earth, 
turning on its axis, carries us out of the sphere of the sun's 
light, we say it is sunset, and then we pass into the earth's 
d&dow, and night comes on. When the earth turns half 
roond from this point, and we again emerge out of the earth's 
shadow, we say, the sun rises, and then day begins. 

Now an eclipse of the moon is nothing more than her falliiig 
into the shadow of the earth. The moon having no light of 
her own, is thus darkened, and we'say she is eclipsed. The 
shadow of the moon also reaches to a great distance from her. 
We know that it reaches at least 3w,000 miles, because it 
sometimes reaches the card). An eclipse of the sun is occa- 
sioned whenever the earth falls into the shadow of the mioon. 
Hence in eclipses, whether of the sun or moon, the two plan* 
ets and the sun must be nearly in a stnught line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the moon is be- 
tween the earth and sun. 

If the moon went around the sun in the same plane with 
the earth, that is, were the moon's orbit on the plane of the 

What I> ntppoaed eooommig the I&bM utd mu of Om moon t On 
wtut ptmnda u it rappoaeil that then is no witei at tbe Dwon 1 What 
U a ghailow 1 When do we «^ it ia BUD.ael, and when do w« la; it ia 
■m-iMsl What ooMaaat an eclii>ae of the moonl What chum* 
schpaea of the laaf In edifaeaof the moon, what planet ia betweaa 
the nm and wtjoa 1 In edUpaea trf' the ran, what danet k between Aa 
nm and earth 1 Whv ia then not an ecBpM of ttie am at ewrj am> 
Junction of the ann and moonl 
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ediptici ibere wodd happra an eclipie of die aim at ewny 
'• eonjniMtion of th« son ana moon, or at the time of every now 
moon. But at them conjmRtioDa, the mnon does not cone 
exactly between the earth and sun, becanse the orbtt of the 
moon IB inclined to ttie ecliptic at an angle of 6t degrees. Did 
the plane! of the orbits of the earth and moon coincide, there 
woDld be an eclipse of the moon at erery full, for tben the 
moon would pass exactly through the esTni's shadow. 

One half of the moon's orbit being elevated W degrees 
above Die ecliptic, tiie other half is depreised m smch ^ow 
it, and thus the moon's orbit croweEi tMt of die eailh in two 
opposite points, called the qtoon's nodes. 

As the nodes of the moon are the points where sh« crosaes 
the echplic, ehf must be haJf the time abov^ and the other halt 
below qese points. The node in which sh^ crosses the plane 
of the M^piic upward, or towards the north, is called her ascend- 
ing node. That in which she crosses &e siUBfe plane down- 
ward, or tmvard the south, is called her descending node. 

ThtfWoon'a orbit, like those of the other idanets, js ellipti- 
cai, so that she is sometimes nearer the earUi than at others. 
When she is in that part of her orbit, at the greatest distaaee 
frftm the earth, site is said to be in her af»gee, and when at 
her least distance fromthe earth, ebe win her perigee. 

Eclipses can only happen at the time when the moon is at, 
or near, one of her nodes, for at no other time is she near the 
pkne of the earth's orbit; and since the earth is always m , 
this plane, the moon must be at, or near it also, in order to 
bring the two planets and the sun in the same right line, with- 
out which no ecUpse can happen. 

The reason whv echpses do not happen oftener, and at ^ 
re^ar periods, is because a node of the moon is usually only 
twice, and never more than three times in the year, presented 
towards the eun. The average number of total eclipses of 
botli luminaries, in a cenlury, la about thirty, and the average 
number of total and parl^ in a year, about four. There 
may be seven eclipses in a year, including those of both In- 

How many degrees ii the moon's orbit inclined to that of tlie earihl 
What are tlie iu3ea of the moon 1 What ia meant by the aflccDdins 
Mid ikBcending nodes of tbe moon! What is the moon'e apogee, uhI 
what her perigee? Why muat the moon be at, or neai, one of W oodn, 
; tDoccawm a.n ecUpeet Why do not ecUjaea happen often, and at icg- 
'' i^penykt What ta the gieatect, aral imat the kntt number of ecli^Mi, 
that can ha[^Kn In s year 1 
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Btanrm. and there rany b« only two. Wben Atn are only 
tw*, tltrf an both of the em. 

When the mtoon ia within 161 den'ees of her node, at the 
time of her change, she is ao sear die ecliptic that die snn 
may be more or less eclipsed, and when she is within IS de- 
gtees of her node, at the time of her full, the moon will be 
more or ieaa eclipsed. 

Bat the moon is more frequently within I6l degrees of her 
node at the time of her change, than she is within 12 degrees 
at die time of her full, and consequently there will be a- great- 
er nnmbeT of eolar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipsO^^U pe visible, at any one 
place on the earth, than sular, becad^ me sun, being so much 
larger than the earth, or moon, the shadow of these bodies 
must terminate in a point, and this point of die mopa'e sha- 
dow never carers but el small pordon of the earth's surface, 
while lunar edifMes are visible over a whole hemisphere, 
and as the earth turns on itt axis, are therefore visible to more 
ifaan half the earth. This will be obvious by figs. 306 and 
SOT, wTtere It will be observed thttt an eclipse of the moon 
majrbe seen wherever the moonk viubk, while an eclipse 
of the son will be total only to those who live within tte 
■paoe covered by the moon's dark shadow. 

iMoar Eclipses. — When the moon fells into the shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she dien becomes eaUpaed. When the eardi's shadow 
covers only a part of her face, as seen by us, she suHers only a 
partial eclipse, one part of her disc being obscured, while the 
other part refiects the sun's lighL But when her whole snr- 
fhce is obscured by the earth's ahadorw, she then suffers a total 
eclipse, and of a duration proportionata to the disbinee she 
passes through the earth's shadow. 

Fig. 906 represents a total lunar eclipse; the moon being 
in the midst of the earth's shadow. Now it will be apparent, 
that in the situation of the sun, earth, and moon, as represent- 
ed in the figure, this eclipse will be visible from all parts of 



Why wiD man hmai Uum wjar edqaM be vi 
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.__ ,_._e of the earth which is next dwraooo, and that 

the moon's difc irill be equally obaenred, from wkatenrpmu 




it M Hen. When the moonpawefl throng only a part (rf* (be 
earth's shadow, then she snfiers only a partial ecbpse, but tins 
is abo visible from the .whole hemisphere next the moon. It 
will be remembered tlut lunar eclipses happen Only at fidi 
mooD, the snn and moon being in opposition, and the earth be- 
tween them. 

Solar Eclipses, — Wben the moon pase'ea between the earth 
and snn, there happens an eclipse of we ami, because then the 
moon's shadow fslls upon the earth. A total eclipse of the 
SOD faappanH often, but when it occurs, the total obscori^ 
is confined to a small part of the earth '. since the dark por- 
tion of the moon's shadow never exceeds 30O miles in diam- 
eter on the earth. But the moon's partial shadow, or iw- 
numfrro, may cover a space on the earth of more than 4001) 
miles in diameter, within all which apace the sun will be more 
or leas eclipsed. When the penumbra first touches the earth, 
the eclipse begins at that place, and ends wben the peaumbia 
leaves iL But the eclipse will be total only where the dark 
shadow of the moon touches the earth. 
F5g. 307. 
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Wb; b the nmc ecSne toCsl at odb dIsob, and onlj partial at umttM 
Wh; fa a total ecfijM of the ton MDfineil to ■) Biiill a put of tbc Mitt 1 
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• Pig. 907 represents an eclipse of the sun, without regard to 
the penumbra, that it may be observed how small a part of 
the earth the dark shadow of the moon covers. To those 
who live within the limits of this shadow, the eclipse will be 
toMl, while to those who lire in any direction around it, and 
widiin reach of the penumbra, it will be only partial. 

Soiar eclipses are called annular, from annulus, a ring, 
when the ttoon passes across the centre of the sun, hiding all 
his light, with the exception of a ring on his outer edge, which 
the moon is too small to cover from the position in which it 
is Been. Fig.aOR 




Fig. 906 rtpreaents a solar eclipse, with the penumbra D, 
C, and the urtwra, or dark shadow, as seen in the above figure. 

When the moon is at its greatest distance from the earth, 
its shadow m, o, sometimes terminates, before it reaches Iihe 
earth, and then an observer standing directly under the point 
rt, will see the outer eJge of the sun, forming a bright ring 
around the circumference of the moon, thus forming an annu- 
lar eclipse. 

The penumtira D C, ia only a partial interception of the 
sun's rays, and in annular eclipses it is this partial shadow on- 
ly which reaches the earth, while the umbra, or dark shadow, 
terminates in the air. Hence annular erlipses are never to- 
tal in any pari of the earth. The penumbra, as already stated, 
may cover more than 41X10 miles of space, while the umbra 
never corers more than 200 miles in (Jiameier; hence partial 
edipsesof the sun may be seen by a vast number of inhabi- 
tants, while comparatively few will witness the total eclipse. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the moon, and when the moon ia eclipsed to us, an eclipse 
of the sun happens to the moon. To the moon, an eclipse 

What u meant b; penuii^jn '{ Wliat will be the differeiKe m the aspect 
of the edipM, whether the olisener stands within tbe dark ehadow, or onlj 
witUn thi pennmbral What <b meant hj annular edipeea 1 Are annulu 
fcfineiBnr'lotalinsnypait of the earth 1 In annular ecfipaes, filMt part 
of lu mooa'* diadow reachM the M'"' " 
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otAe earth on Derer be totali rince her shadow covers only 
a antBll portion of the earth's surface. 8ueh an eclipse, tiiere- 
fore, at the moon, appears only as a dark spot on the face of 
the earth ; but when the moon is eclipsed to us, the sun is par- 
tially eclipsed to the moon for several honrs longer than the 
moon is eclipsed to us. 

TIte Tides. 

The ebbing and flowing of the sea, which regularly takes 
place twice in 34 hours, are called the tides. The cause ol 
the tides, is the attiactiun of the sun and moon, but chiefly ol 
themoon,on the waters of the ocean. Id rirtue of the universal 
nrinciple of gravitation, heretofore explained, the moon, by 
ner attraction, draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as the squares of the 
distances mcrease, the waters, on the opposite side of the 
earth, are not so much attracted as they are on the aide nearest 
the moon. This want of attraction, together with the greater 
centrifugal force of the earth on its opposite side, produced in 
consequence of its greater distance from the commen c^ire 
of gravity, between the earth and moon, causes ihe waters to 
rise on the opposite side, at the same time that they are raised 
by direct attraction on the side nearest the moon. 

Thus the waters are constantly elevated on the sides of the 
earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

Let m, fig. 809, be the moon, and £the earth mvprpH 
Rg.909. 




water. As the moon passes round the earth, ita solid and fluid 

Sarta are equally attracted by her influence according to their 
ensities ; but while the solid parts are at liberty to move only 
as a Ttdiole, the water obeys the slightest impulse, and thus 
tends towards the moon where her sttraction is the strongest 

Whit IB Bsid concerning ecli»e* of the e&ilh, aa aeen fiom Ihe wtnat 1 
What ftTB the tUea 1 V/bat a the came of the tides 1 W]wt chmm IIm 
tide to liae on Ihe Me of the earth oppoote to the noon 1 
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Conaequeatly the waters are perpetually ^vated immedialefy 
under the moon. If therefore tLe eartk stood attU, the influ- 
ence of the moon's attraction would raise the tides only as she 
passed round the earth. But as the earth lunis on her axis 
every iH hours, and as the waters nearest the moon, as at Ot 
are constautly elevated, they will, in the course of 34 hours, 
move round the whole earth, and consequently from this cause 
there will be high water at erery place once in 34 hoiu^. As 
the elevation of the waters under the moon causes their de- 
pression at 90 degrees distance on the opposite sides of the 
earih d and c, the point c will come to the same place, hy the 
earth's diurnal revoiution, sis hours afier the point a, because 
c is one quarter the circumference of the earth from the point 
a, and therefore there will be low water at any given place 
six hours after it was high water at that place. But while it is 
high water i.nder the moon, in consequence of her direct at- 
traction, it is also high water on the opposite side of the earth 
in consequence of her diminished attraction, and the earth's 
centriliigal motion, and therefore it will be Mgh water from 
this cause twelve hours after it was high water from the former 
cause, and six hour^ after it was tow water from both causes. 

Thus, when it is high water at a and b, it is low water at c 
and d, and as the earth revolves once in 24 hours, there will 
be ui alternate ebbing and flowing of the tide, at every place, 
once in six hours. 

But whilethe earth turns on her a^s, the moon advances in 
her orbit, and consequently any given pohit on the earth will 
not come under the moon on one day so soon as it did on the 
day before. For this reason, high or low water at any place 
comes-about fifty minutes later on one day than it did the day 

ThoB for we have considered no other attractive influence 
except (hat of the moon, as affecting the waters of the ocean. 
But the sun, as already observed, has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the moon. 

When the sun and moon are in conjunction, as repreaeflted 
in fig. 209, whicli taltes place at her change, or when they are 

If the earth stood still, the tidee wouU rise onl^ aa the moon passes roimd 
the earth ; what, then, causea the tides to liae twice in 94 houn 1 Wto) it 
is high water under the looon b; h«r attnictioil, wbtt ia the canoe of b^h 
vnaei on the op^ioaite ride of the earth, at the sune tone t Wiy ue & 
tide* about 50 mlnateH later eieri da; t 
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in opporition, which lake* place at full moon, then their forces 
are united, or act on Qte waten in the same direction, and con- 
sequently the tides are elevated hi^er than usual, and on this 
account are called spring tides. 

But vhen the moon is in her quadntores;' or quartera, the 
attraption of the sun tends to counteract that of the moon, and 
although his altractioD does nut elevate the waters and pro- 
dace tides, his influence diminishes that of the moon, and coo- 
aequently the elevation of the waters are less when the sun 
and moon are so situated in respect to each other, than when 
Uiey are in conjunction, or opposition. 
Fig. 210. 




This effect is represented bv fig. 210, where the elevation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
the influence of the sun acting in the direction a b, tends to 
counteract the moon's attractive influence. These small tides 
u-e called neap tides, and happen only when the moon is in 
lierquadralures. 

The tides are not at their greatest heights at the time when 
tiie moon is at its meridian, but sometime afterwards, because 
the water, having a motion forward, continues to advance by 
its own inertia, sometime after the direct influencepf the moon 
has ceased to affi^ct it. 

Latitude and Longitude. 

Latitude is the distance from the equator in a direct line, 
north or south, measured in degrees and minutes. The num- 
ber of degrees is 90 north, and as many south, each line on 
which these degrees are reckoned ruiming from the equator 
to the poles. Places at the north of the equator are in noTtk 
latitude, and those south of the equator are in soutk latitude. 
The parallels of latitude are imagmary lines drawn parallel lo 
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the eqUfttoi, either north or south, and hence every place 
situated on the same parallel, is in the same latitude, be- 
cause every such place must be at the same distance from 
the ei^uator. The length of a degree of latitude is 60 geo- 
graphical miles. 

Longitude is the distance measured in degrees and minutes 
either east or west, from any given point, gn the equator, or 
on any parallel of latitude. Hence the lines, or meridians of 
longitude cross those of latitude at right angles. The degrees 
of kingitude are 180 in number, its lines estending half a 
circle to the east, and half a circle to the west, from any given 
meridian, so as to include the whole circumference of the 
earth. A degree of longitude, at the equator, is of the some 
length as a degree of latitude, but as the poles are approached, 
tlie degrees of longitude diminish in length, because the 
earth grows smaller in circumference, from the equator to- 
-wards the poles ; hence the lines surrounding it become less 
and less. This vrill be made obvious by fig. 211. 

f^-2H. Let this figure represent the 

^ earth, N being the north pole, 

S the south pole, and £ TT the 

equator. The lines 10, 90, 30, 

and BO on, are the parallels of 

latitude, and the lines N a $ N, 

' b S, &c. are meridian lines, or 

* those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and the 
equator, measured on a meridian 
line ; thus x is in latitude 40 
■5 degrees, because the j; ^ part of 

the meridian contains 40 degrees. 

The longitude of a place is the number of degrees it is situ- 
ated east or west lirom any meridian line ; thus d is SO degrees 
west longitude from x, and z is 20 degrees east longitude 
from V. 

As the equator divides the earth into two equal parts, or 
hemispheres, there seems to be a natural reason why the de- 
How many degrees of latitude iire there'? How fin do llie linea of latitvuie 
eitsndl WliatJanuBnt by north and KiodllKtiladel What ue the THtral- 
lels of latitude} What iiloi^itudel How many dt^nes orlon^tude an 
then, out ra wert 1 What Is tlie lafituds of any place 1 What k the longi- 
tnde of a iJace t 
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mes of latitode Bhonld be reckoned from this great drele. 
But from eftst to west Uiere is no natnial diriBion of the earth, 
each meridian Une being a great circle, diTiding the earth 
into two bemiiipheres, and hence there ig no natural reason 
why longitude shoidd be reckoned from one meridian anjr 
more than another. It hag, therefore, been customary for 
writers and marincrB to reckon longitude from the capital of 
their OWE country, as the English from London, the French 
from Paris, and the Americans from Washington. But this 
mode, it ia apparent, must occasion much confusion, since each 
writer of a ditierent nation would be obliged to correct the 
longitude of all other countries, to make it agree with his own. 
More recently, therefore, the wiilers of Europe and America 
ha»e selected the royal observatory, at Greenwich, near Lon- 
don, as the first meridwn, and on most maps and charts lately 
published, longitude is reckoned from that place. 

The latitude of any place is determined oy taking the alti- 
tude of the sun at mid-day, and then subtracting this frt)m 90 
degrees, making proper allowances for the sun's place in the 
heavens. The reason of this will be understood, when it is 
considered that the whole number of degrees from the Zenith 
to the horizon is 90, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by allowing for 
the sun's dechnation north or south of the equator, and sub- 
tracting thia from the whole number, the latitude of the place 
will be found. Thus, suppose that on the 20th of March, when 
the sun is at the equator, his altitude from any place north of 
the equator should be found to be 48 degrees above the hori- 
zon; this, subtracted from 90, the' whole number of the de- 
grees of latitude, leaves 42, which will be the latitude of the 
place where the observation ivas made. 
' If the aun, at the time of observation, has a declination, 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridian altitude, as the case may 
be. For instance, another observation being taken at the 
place where the latitude was found to be 42, when the sun 
had a declination of 8 degrees north, then his altitude would 
be 8 degrees greater than before, and therefore 66, instead of 

Why are the degrees of latituik reckoned tma the egutitor % What ia 
«idd cohccrnmE the jiuxa fiom which the degrees of longitude have been 
nckoned 1 Wait ia the inumvenieiieB of ertimatijig long&de ftam & place 
in eatjh ctrnxOrj 1 From what place ia ksigitode reckoned in Europe and 
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. 48. Now, subtracting thU 8, the sun's declination, from 66, 
and the remainder Horn 90, and the latitude of the place will 
be found 4% aa before. If the sun's declination be south vf 
the equator, and the latitude of the place north, hia declina- 
it be added to the meridian altitude, instead of being 



subtracted from it. The same result may be obtained by 
taking' the meridian altitude of any of the fixed stars, whose 
decli^tions are known, instead of the sun's, and proceeding 



as above directed. 

There is more difficulty in aacerlaining the degrees of lon- 
gitude, than those of latitude, because,' as above stated, there 
la no fixed point, like that of the equator, from which its degrees 
are reckoned. The degrees of longitude are tiierefore estimated 
from Greenwich, and are ascertained by the following methods: 

When the sun comes to the meridian of any place, it is 
noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 16 degrees of the 
equator will correspond with one hour of time, tor 360 de- 
grees beingdivided by S4 hours, will give 15. The earth, there- 
fore, moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. Now, as the apparent course of the 
sun is from east to west, it is obvious that he will come to any 
meridian lying east of a given place, sooner than to one lying 
west of that place, and therefore it will Ije 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 16 degrees to the east of it, because the 
sun was at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 16 degrees west of the 
same place, because the aun has still an hour to travel, before 
he reaches the meridian of that }>lace. It makes no differ- 
ence, then, where the observer is placed, since if it is 13 
o'clock where he is, it will be 1 o'clock 16 degees to the east 
m£ him, and 11 o'clock 16 degrees to the west of him, and so 

How kOielathnde of B. place determiiiedl (]^eaneiuD|deDf themctlmd 
of finding' the latitude of the suihb plaee at difierent sesKms of the j«aj. 
When moel the nm'e iecSniiiiim from the ct^uator be added to, and wbea 
(ubtrscted from, Ua meridisn aldtnde 1 Wh^ is there more di^ultj in w- 
^ertaioing the degrees of longitude than of latitudo 1 How muij degieea of 
longitude doee the nirjice of the esith pas througli m an hour? Suppose it 
is noon at anyBlven place, nhat o'clock, will it oe 15 degreee to the east of 
that place 1 "fSJJw ibe rewon. Efow maj huwitude be deteimined by in 
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IB this proportion, let the time be more or leas. Now, if any 
celestial pnenomenon should happen, such as an eclipse of 
the mono, dr of Ju[Hler'B sstellit^ the difference of lon^tode 
between two places where it is observed, may be determined 
bv the difference of the times at which it appeared to tabe 
place. Thus, if the moon enters the earth's shadow at 6 
o'clock in the evening, as seen at Philadelphia, and at half 
past 6 o'clock at another place, then this place is half an hoiu-, 
or 7i degrees, to the east of Philadelphia, becanse 7i desrees 
of longitude are equal to half an hour of time. To apply Uiese 
observations praclirally, it is only necessary that it snould be 
known exactly at what time the eclipse takes place at a given 
point on the earth. 

Longitude is also ascertained by means of a chronometer, 
or true time piece, adjusted to any given meridian ; for if the 
difference between two clocks, situated east and west of each 
other, and going exactly at the Same rate, can be known, »t 
the same time, then the distance between the two meridians 
where the clocks are placed will be known, and the difference 
of longitude may be found. 

Suppose two chronometers, which are known to go at ex- 
actly the same r«te, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, while 
the other remains at Greenwich. Then suppose the captain, 
who takes his chronometer to sea, has occasion to know his 
lonffilude. In the first place, he ascertains, by an observatioD 
of tne sun, when it is 12 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at Greenwich, 
and by allowing 15 degrees for every hour of the difierence in 
time, he will know his precise longitude in any part of the 
world. For example, suppose the captain sails with his chro- 
nometer for America, and afier being several weeks at sea, 
finds by observation, that it is 12 o'clock by the sun, and ai 
the same time finds by his chronometer, that it is 4 o'clock at 
Greenwich. Then because it is noon at his place of obser- 
vation aAer it is noon at Greenwich, he knows that his longi- 
tude is west fi-om Greenwich, and by allowing 16 degrees for 
every hour of the difference, his longitude is ascertained. 

El^sin the priiidpks on vrhich lonaituilB ia determined bftbe chrosomb- 
ter. SurfowuwcaptuIlfiIllbb7biBdlIoncanet»thBlitbI2a^dod(,wl^ 
he ie, 6 boors later Inon St Oreenmcli, wtuu then would be Us kaimtndB 1 
Soppote he &ia» it to be 13 o'clock 4 honn HLiierwhera ba it, tbw nt 
Qraenwich, what then would be hJB lonfiCnde t 
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Thus, 15 deereea, multiplied by 4 hours, give 60 degrees of 
west lon^tuae from Greenwich. If it is noon at the place of 
observation, before it is noon at Greenwich, then the captain 
knows that hia longitude is east, and hia true place is found 
in the same manner. 

fixed Stars. 

The stars are called fixed, because they have been observed 
not to change their places with respect to each other. They 
may be distinguishsa by the nakea eye from the planets of 
our system by their scintillations, or twinkling. The stare 
are divided into classes, according to tlieir magnitudes, and 
are called stars of the first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with the naked 
eye in the whole vault of the heavens, thougii only about lOOU 
are above the horizon at the same time. Of these, about 17 
are of the first magnitude, 50 of the 3d magnitude, and 160 of 
the 3d magnitude. The others are of the 4th, 6th, and 6th 
magnitudes, the last of which are the smallest Uiat can be dis- 
tinguished with the naked eye. 

It might seem incredible, that on a clear night only about 
1000 stars are visible, when on a single glance at the Afferent 

Etrts of the firmament, their numbers appear innumerable, 
ut this deception arises from the confused and hasty manner 
in which thev are viewed, for if we look steadily on a particu- 
lar partion of sky, and count the stars contained witoin cer- 
tain limits, we shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than ' 
from all the stars together, it is absurd to suppose that they 
were made for no o&er purpose than to cast so faint a glim- 
mering on our earth, and especially as a great proportion of 
diem are invisible to our naked eyes. The nearest fixed stars 
to our system, from the most accurate astronomical calcula- 
tions, cannot be nearer than 20,000,000,000,000, or 20 tril- 
lions of miles frwm the earth, a distance so immense, that light 
cannot pass through it in less than three years. Hence were 
these stars annihUated at the present time, their light would 

Why ire thestaiB called fiiedl How may the stars bo i^a(jnguj»he<l ftron 
the pEaiietd ^ The Btara die dividefl into cTassk, accordiitg to their mftgni- 
tnde* i how many classea are there 'i Haw msisy etsia may be seen with 
llie naked eye, in the whcde fiftnament 1 Why does there appear to be more 
■tan than there roally are 1 What ia the computed dirtaiice of the nenieS 
fixed rtare ftom the eaithl 
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continue to flow towards ui, and ihey would appear to be ia 
the same wtuation to ua, three years heaix that they do now. 

Our sun, seen from ibe distance of the nearest fixed Btars, 
would ■'Pps^ no larger than a star of the first magnitude does 
lo ns. These starfl appear no larger to ub, when the earth is 
in that part nf her orbit nearest to them, than they do, when 
she is in the opposite part of her orbit; and as our distance 
from the sun is 95,000,000, nf miles, we must be twice this 
distance, or the whole diameter of the earth's orbit, nearer a 
gtren fixed star at one period of the year, than at another 
The diDerence, therefore, of 190,000,000 of miles, beam so 
small a proportion to the whole distance between us and the 
fixed stars, as to make no appreciable difference in their eiaes, 
even when assisted by the most powerful telescopes. 

The amazing distances of the fixed stars may also be infer- 
red from the return of comets to our system, after an absence 
of several hundred years. 

The velocity with which some of these bodies move, when 
nearest the sun, has been computed at nearly a miUion of 
miles in an hour, and although their velodties must be per- 
petually retarded, as they recede from the sun, still in 260 
years of time, they most move through a space, which to ns 
would be infinite. The periodicaJ return of one comet 
is known to he upwards of 500 years, making more than 
SSO years in performing its journey to (he most remote part 
of i^ orbit, and as many in returning' back to our system ; 
and that it mui^t still always be nearer our system than the 
fixed stars, is proved by its return ; for by the laws of gravi- 
tation, did it approach nearer another syst^n it would nerer 
again return to outs. 

From such proofs of the vast distances of the fixed stars, 
there can be no donbt that they shine with their own light, 
like our sun, and hence the conclusion that they are suns to 
other worlds, which move around them, as the planets do 
around our sun. Their distances will, however, prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were they milhons of times nearer us than ^ey 

How long Ttoali it luke light to ntach ua ftom the Died staiH 1 How lajtge 
monU our eon appear U the dialancc of the fixed atUB 7 Wha.t it eaid con- 
cemiug the dUferenr« of Iho distance between the eanh and tha Gxed Blare 
at diflra^nt eeaaona of the year, and of Ihai diflerent appeiiraDces in consB- 
qUMice t How ma; the diatancea of the fixed stars be mfbrred Ire the long 
absence and tetum of conieU 1 On what gToonda is it nippond that tbp 
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VTBtTealimildaotbeible todiacoTerthe reflected light oflh^ 

Comets. 

Besides the planets, which move round the sun in regolBr 
order and in nearly circular orbits, there belongs to the solar 
system an unknown number of bodies called Comets, whidi 
move round the sun in orbits exceedingly eccentric, or ellipti- 
cal, and whose appearance among our heavenly bodies is on- 
ly occasional. Comets, to the naked eye, hare no visible disr, 
but shine with a faint gtinunering light, and are accompanied 
by a train or tail, turned from the sun, and which is sometunes 
of immense length. They appear in every region of Ihe 
heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the Harbingers of war, pestilence, or some other grt«l 
or general evil ; and it was not until astronomy had made con- 
siderable progress as a science, that these strangers coidd be 
seen among our planets without the expectation of some dire- 
Ail event 

It had been supposed diat comets moved in etcaight lines, 
coming from the regions of infinite, or unknown space, and 
merely passinr by our system, on thrar way to regions equally 
unknown ana infinite, and from which they never returned. 
Sir Isaac Newton was the first to demooetrate that comets paas 
round the sun, like the planets, but that their orbits are ex- 
ceedingly elliptical, and ext^d out to a vast distance beyond 
the BOUT system. 

The number of comets is unknown, though some astrono- 
mers suppose that there are nearly 600 belonging to our sys- 
tem. Ferguson, who wrote in about 1760, suppoMd that there 
were less than 30 cornels which made us occasional visits; 
but since that period the elements of the orbits of nearly 100 
of these bodies have been computed. 

Of these, however, there are only three whose periods of r» 
torn among us are known with any degree of certainty. The 
firet of these has a period of 75 yeare ; the second aperiod of 
130 years ; and the third a penod of &7& years. The third 
appeared in 1680 : and therefore cannot be expected again 

Wbftt number of cometa are mpposed [0 bdangtoonrsfMeml Bowmai^ 
luvehad tbedementsQftheboibiticatiiiuitedliyaBtrDaamenI HowfMiqr 
•K then whae peiiodi of ntimi STB known 7 
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until the yeflT 2226. This comet, in 1690, excited the woBt 

inteiue intcreet among the astronomers of Europe, on ftcconni 

'its great apparent size and 

IT approach to our system. 

the most remote part of its 

bit, its distance from the 

n was cstimaled at about 

!ven thousand two hundred 

llions of miles. Atitsnear- 

I approach to the sun, which 

la only about 50,000 miles, 

its velocity, according to Sir Isaac Newton, was 880,000 miles 

in an hour', and supposing it to have retained the sun's heat, 

like other solid bodies, its temperature must have been about 

2000 times that of red hot iron. The tail of this comet was at 

least 100 millions of miles long. 

In the Eldinburffh Encyclopedia, article Astron&my, there 
is the most complete table of comets yet published. This 
table cont^s the elements of 97 comets, calculated by differ- 
ent astronomers, down to the year 1908. 

From this table it appears that 34 comets have passed be- 
tween the sun and the orbit of Mercurj-; 33 between the or- 
bits of Venus and the Earth ; 15 between the orbits of the 
Earth and Mara ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and .Jupiter. It also ap- 
pears by this table that 49 comets have moved round the sun 
from west to east, and 48 from cast to west. 

Of the nature of these wandering planets tery htlle is known. 
When examined hr a telescope, Uiey appear like a mass ot 
vapours Burrounmng a dark nucleus. When the comet is 
at its perihelion, or nearest the sun, its color seems to be 
heightened by the intense light or heat of that luminary, and 
it then oflen shines with more brilliancy than the planets. At 
this time the tail or train, which is always directly opposite to 
the Bun. appears at its greatest length, but is commonly so 
transparent as to permit the fixed stars to be seen through it 
A variety of opinions have been advanced by astronomers con- 
cerning the nature and cause of these trains. Newton sup- 
posed that they were thin vapour, made to ascend by the sim s 
neat, as the smoke of a fire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the sun's rays. Othen 
" WbtfiiuidofthecaiMorieSOl 
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suppose that this appearance arisea from streaini of electric 
cutter pusing away irom the comet, dtc 

ELECTRICITY. 

The science of Electricity, which now ranks as an impor- 
tant branch of Natural Philosophy, is wholly of modern date. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
miagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived from electron, the Greek name 
of amber, because it was known to the ancients, that when 
that substance was rubbed or excited, it attracted or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same. 

When a piece of glass, sealing war, or amber, is nibbed 
with a dry nand, ana held towards small and light bodies, 
such as threads, hairs, feathers, or straws, these bodies will fly 
towards the sur&ce thus rubbed, and adhere to it for a short 
time. The influence by which these small substances are drawn, 
is called electrical attraction ; the surface having this attractive 
power is said to be excited; and the substances susceptible 
of this excitation, are called electrics. Substances, not having 
this attractive power when rubbed, are called non-electrics. 

The principal electrics are amber, rosin, sulphur, glass, the 
precious stones, sealing wax, and the fiir of quadrupeds. But 
the metals, and many other bodies, may be excited when insu- 
lated and treated in a certain manner. 

Afler the light substances, which had been attracted by the . 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts 
in a contrary direction, and the hght bodies are repelled, or 
thrown away from the excited surface. Two bodies, also, 
which have been in contact with the excited surface, mutual- 
ly repel each other. 

Various modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain- 
ing indications ofits presence, when it exists only in a feeble de- 
gree. Instruments Tor this purpose are termed Electroscopes. 

Pram what ia the term elsctrid^ derived t Wli&t is electrical attrae- 
tioa 1 Whit sie electrics ^ Wlut ue non-elodiks 1 Wh&t are the princi- 
pal electrics 'i What is meant by electrical lepubnon 1 What is an dectro- 
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One of the ilmplwt imtnuneotB of this kind conBiits of s 
ir^ 1)13^ metallic needle, termiiiBled at 

eacb end by a light pith ball, 
which ia covered with gold leaf, 
and supported faorizQntally at 
its centre by a fine point, fig. 
213. When a stick of sealing 
wax, or B gloss tube, is excite^ 
and then presented to one of 
these balls, the motion of tbe 
needle on its pivot will indic&te 
the electrical influence. 
If so exdted substance be brought near a ball made of pith. 
Fig. 314. or cork, suspended by a silk 

thread, the ball will, in the first 
place, approach the electric as at 
a, fig. 214, indicating an attrac- 
tion towards it, and if the posi- 
tion of the electric will allow, 
the ball will come into contact 
with the electric, and adhere to 
it for a short time, and will then 
, tuwine that it ia repelled as at b. If now the 
which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, thene two balls will attract each other, and come into 
contact i after which they will repel each other, as in the for- 
mer case. 

It appears, therefore, that the excited body, as the stick of 
sealing wax, imparls a portion of its electricity to the ball, 
and that when the ball is also electrified, a mutual repulsion 
dien takes place between them. AflerWards, the ball, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
influence to that, aHei which these two IhiIIs repel each other 
ta in the former instance. 

Thus, when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of thia 
superabundance ; but when ^ey are both equally electrified, 
' ''.ih haying more or less than their natural quantity of eleo 

'- > lel ty, they will repel each other. 

WhH do two ctectrifiedbodiM Attract, and when do tb«7i«pd«Mhottwr1 



D,mi,.=db, Google 



BLBCTRICITT. 879 

To kCeoHUt fb» these phenomena, two. theories bsTe been 
adTonced, one by Dr. FnnldiB, who sapposes there u only 
tmt electrical fluid, and the other by Do Fay, who supposes 
there are two distinct fluids. 

Dr. Franklin supposed that aJl terrestrial subat&nces were 
pervaded with the electrical fluid, and that by exciting an elee- 
tric, the equilibrium of thia fluid was destroyed, so that one 
part of the excited body, contained more than its natural qoan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more dian its 
natural quantity of the electric fluid. This he called positive 
electricity. But if a conductor be connected with that part 
which has less than its ordinary' share of the fluid, then the 
conductor parts with a share of ita own, and therefore will then 
contain leas than its natural quantity. This he called Tiegati'De 
electricity. When one body positively, and another fie^oiiiw- 
tv electrified, are connected by a conducting substance, the 
fiuid rushes fi-om the positire to the negative body, and the 
equihbrium is restored. Thus bodies which are said to be 
positively electrified contain more than their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is expkiaed thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
thn ball will attract another ball, after which they will mutu- 
ally repel each other, and the same will happen if a piece of 
sealing wax be used instead of die glass. But if a piece of 
excited glass, and another of wax, be made to touch two aepa* 
rate balls, thev will attract each other; that is, the ball which 
received ils electricity from the wax will attract that which re- 
ceived its electricity from the glass, and will be attracted by it. 
Hence Du Fay coacludes that electricity consigts of two dis- 
tinct fluids, which exist toselher in all bodies — that they have 
a mutual attraction for eat^ other — that they are separated by 

How will two bodiea act, one hating more, and the other less than the 
nUnnJ quantity of electricity, when brought near each other 1 How win 
they »a when both have more or less than tlheir luittiral quamdtj 'i Explain 
Dr. FranUiii's theory of eleetridty. What U meant by podtire, and what 
by n^alrre electrictCj^ 7 What is the conseqnencc, wlien a opeitiTe and a 
naWave body ara connected by a conductor % Ei|d«in Du Fa.fi theoij. 
When two balls are dectrifed, one wiUi glaM, and the other wKh wax, wa 
the; lUnct or repel each other 1 
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the exdladoQ of electrics, and tlwt when thuB sepsrated, and 
transferred to non-electrics, as to the pith balls, their mutual 
attraction causes the balls to rush towards each odier. These 
two principles he called vitreous and rveinous electricity. Hk 
ritreoua being obtained from glass, and the resinous from va, 
and other resinous substances. 

Dr. Franklin's theory ia by far the most simple, and will ac- 
count for moat of the electrical phenomena equally well with 
that of Du Fay, and therefore has been adopted by the most 
able and recent electricians. 

It is found that some substances conduct the electric fluid 
from a positive to a neMtive sur&ce with great facility, wlule 
others conduct it with difficultv, and others not at alL Sub- 
stances of the first kind are called conductors, and those of the 
last, non-conductors. The electrics, or such substances as, 
being excited, communicate electricity, are all non-condnc(- 
ors, while the non-electrica, or such substances as do not com- 
municate electricity on being merely excited, are conductors. 
The conductors are the metals, charcoal, water, and odiei 
fiiiids, except the oils ; also, smoke, steam, ice, and snow, tbs 
best conductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulfJmr, 
resin, wax, silk, most hard stones, and 3ie furs of some uU' 
mals. 

A body is said to be insulated, when it is supported, or sin- 
rounded by an electric Thus, a stool, standing on glass legi, 
ia inanlated, and a plate of metal laid on a plate of glass, is 
insulated. 

When large quantities of the electric fluid are wanted (iv 
experiment, or tor other purposes, it is procured by an elec- 
trical machine: These machiitea are of various forms, but sU 
consist of an electric substance, of considerable dimensions; 
the rubber by which this is excited, the prime conductor, on 
which the electric matter is accumulated, the insulator, which 
prevents the fluid from escaping, and machinery by whiA 
the electric is set in motion. 

What are the two dectricitlH called 1 From what Bubetanees sm Uie two 
electridtied obtained 1 What are conductors 1 What aie ncn-condDcWl 
What mbatances aie conductors 1 WhatrabstaitceasnttbebeslcoDdiKlont 
What Bubstanera are electrics, ornon-coudoctonl Wtuoiaabodynidlo 
be Inaolaled 1 What are the eeraral paita of aa dectrical machine T 
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Fie- 21B repreaents such a machine, of which A is the 
electnc, being a cylinder of glass; B the prime conductor, 
R the rubber or cushion, and C a chain connecting the rub- 
bet with the ground. The prime conductor is supported by 
a standard of glass. Sometimes, also, the jiillers which sup- 
port the axis of the cylinder, and that to which the cushion is 
attached, are made of the same material. The prime con- 
ductor has several wires inserted into its side, or end, which 
are pointed, and stand with the points near the cyUnder. 
They receive the electric fluid from the glass and conrey it 
to the conductor. The conductor is commonly made of sheet 
brass, there being.no advantage in having it solid, as the 
electric fluid is always confined entirely to the surface. 
£ven paper, covered with gold leaf, is as efleclive in this 
respect, as though the whole was of solid gold. The cushion 
is attaijied to a standard, which is furnished with a thumib 
screw, BO that itspresaure on the cylinder can be increased 
or diminished. The cushion is made of leather, stufled, and 
at its upper edge there is attached a flap of silk, F, by whidi 
a greater surface of the glass is covered, and the electric fluid 

Wlut u tbfi use of the poinled max in the prhne conducMi 1 Hon ia it 
•ecouided for, that a mere nu&ce of metat mil contain aa oiuch electric 
Bold, aitlu)u|[h it were idSAt When a l<«is of ^bh, oTBealing nax, la ei- 
dted, In nibUng it Willi the hand, or a pwo of mlk, whence ccnwi tba dec- 
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tbtts prevented, in some degree, from escaping. The efRcAcy 
of the rubber in produciiw the electric excitation ie much in- 
creased by spreading on u a small quanti^ of an amalgam of 
tui and mercury, mixed with a Uttle lard, or other nnctnoiK 
Biibst&Dce. 

The manner in which this machine actSi may be inferred 
from what has already been said, for when a stick of sealing 
wax, or a glass tube, is ruljbed with -the hand, or a piece of 
sili^ the electric fiuid is accumulated on the excited substance, 
und therefore must be transferred from the hand, or silk, to 
the electric. In the same manner, when the cylinder is made 
to revolve, the electric matter, in consequence of the friction, 
leaves the cushion, and is accumulated on the glass cylinder, 
that is, the cushion becomes negatively, and the glass posi- 
tively electrified. The fluid, being thus excited, is prevented 
from escaping by the silk flap, until it comes to the vicinity 
of the meialhc points, by which it is conveyed to the prime 
conductor. But if the cushion is iusulated, the quantity of 
electricity obtained, will soon have reached its limit, for when 
its natural quantity has been transferred to the glass, ao more 
can be obtained. It is then necessary to make the cushion 
communicate with the ground, which is done by laying the 
chain on the floor, or table, when more of the fluicf wfll be 
accumulated, by further excitation, the ground being the inex- 
haustible source of the electric fluid. 

If a person who is insulated, takes the chain in his hand, the 
electric fluid will be drawn from him, along the chain to the 
cushion, and from the cushion will be transferred to the prime 
conductor, and thus the person will become negatively elec- 
trified. If then, another person, standing on the floor, hold 
his knuckle near him who is insulated, a spark of electric fire 
will pass bettVBen them, with a crackling noise, and the 
equilibrium will be restored ; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands on 
die stool. But if the insulated person takes hold of a chain, 
connected with the prime conductor, he may be considered 

When the cualiion is iiuulale^^Iif u there a Umitod qouidty of electric 
nuttei In be obtained from h 7 What is then nteeaaarj, tbtt more efecbis 
mailer may be obtained froni the cuihkin 1 If ui inaulUcd persm) lakes tte 
chain, connected with the cDehion, in hia band, whU chanae wiB be m- 
iJuced la bu natural quuilit; of ekctiicit; 7 If the iniulaled pencoi t^et 
iiald of the chain connected with the prioM cnndnctor, and Ihe nucldw b* 
worked, vfhat then mil be the change jBisdiBed in his elttttol stale i 
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u foriDtnc a pftrt of the conductor, and therefore die decbric 
fldd will be accumulated all over his rorioce, and he will be 
poeitirely electrified, oi. will obtain more than his natural 
qpantily of electricity. If now, a person standing on the fioor 
touch this person, he will receive a spark of electrical fire 
from him, and the equilibrium will again be restored. 

If two persons stand on two insulated stools, or if they both 
stand on a plate of ela|s, or a cake of wax. the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, after working the machine, 
if they touch each odier, a much stronger shock will he felt, 
than IS either of the other cases, because the difference be- 
tween their electrical states will he greater, the one having 
more and the other less than his natural quantity of electrici- 
ty. But if the two insulated persons both take hold of the 
cnain connected with the prime conductor, or with that con- 
nected with the cushion, no spark will pass between them, on 
touching each other, because they will then both be in the 
same electrical state. 

We have seen, fig. 213, that the pith ball is first attracted 
■nd then repelled, by the escited electric, and that the ball so 
repelled will attract, or be attracted, by other substances in 
its rieinity, in consequence of having received from the exci- 
ted body more than its ordinary quantity of electricity. 
These alternate r 



<^ 



Fie. 316. % 

S inely exhibited, by placing some small 

1>^t bodies, such as the figures of men 
and women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
over the other, as in fig. 316, the upper 
plate communicating wifli the tirime con- 
ductor, and the other with (he ground. 
When the electricity is communicated to 
the upper plate, the httle figures, being at- 
tractea by the electricity, will jump up, 
and strike their heads against it, and hav- 
ing received a portion of the fluid, are in- 
stantly repellea, and again attracted by the 
lower plate, to which they impart their ele<y 

tf two utmlala] panrav take hold of the two chains, raw connected with 
a«nrii^ ecodactot, and Ifas athet with tbe euabioa, what changM wiB Jw 




pndM^I 
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trici^t and then are agun atuacted, and so fetch and cany (he 
electric fiiud from one to the other, as lone aa the nj^ier plate 
coDtaina more than .the lower one. In tne same manner, a 
lumbler, if electrified on the inaide, and placed over light anb- 
atances, aa pith balls, will cauae them to dance for s consider- 
able time. 

This alternate attraction and repulaion, by moveable con- 
ductors, is alao pleaaingly illustrated with a ball, auapended 
by a silk strinc between two betia of braas, fig. 217, one of 
Wig. Zlf. the bella being electrified, and the other 

communicating with the grouad. Ilw 
alternate attraction and repulrion, 
moves the ball from one bell to the 
other, and thus produces a continual 
ringing. In all these cases, the phe- 
nomena will be die same, whether the 
electricity be positive or negative; 
for two bodies, being both positively, 
or negatively electnfied, repel eadi 
other, but if one be electrified positive- 
ly, and the other negatively, or not at 
all, they attract each other. 

Thua a amall figure, in the human 
shape, with the head covered with hair, when electrified, either 
positively or negatively, will exhibit an appeaiauce of the tit- 
most terror, each hair standing erect, and diverging from (he 
other, in conaequence of mutual repulsion. A person stand- 
ing on an insulated stool, and highly electrified, will exhibit the 
aame appearance. In cold, (Try weather, the friction pro- 
duced by combing a person's nair, will cause a less degree 
of the same effect In either case, the hair will collapse, or 
shrijjk to its natural slate, on carmag a needle near it, b«> 
cause this conducts away the electric fluid. Inatrumento 
designed to measure the intensity of electric action, are called 
electrometers. 

Such an instrument ia represented by fig. 318. It coiudsti 
of a slender rod of light wood, a, terminated by a Nth ball, 
which serves as an index. This ia suspended at the upper 
If the; both tale boldortlie same chain, what irill be tba eflectT Bl- 
riaanthe reaaon why the httle imagea dance between the tin metallic phba, 
fig. S16. Explain hg. 217. Does il make aziv difierenoe in aaaxt la tte 
molian of the image*, or of the ball between the beHa, whethei the elactd- 
dt; be motive 01 negative 1 When a penon ia hjriilj electrified, whf di 
he exhibit an qipeuaoce of the ntnuxt tenor 1 What' ''-" "— ' 
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T^. 316. part of the wooden gtem b, so as to play etaiiy 
backwards and forwante. The ivory semicir- 
cle c, is afflxed to the Bt«m, having its centre 
coinciding with the axis of motion of the rod, 
so aa to measure the ansle of deviation from 
the perpendicular, which the repulsion of the 
ball from the stem produces in the index. 

When this instrument is used, the lower end 

of the stem is set into an aperture in the prime 

conductor, and the intensity of the electric 

action is indicated by the number of degrees 

I the index is repelled from the perpendicular. 

The passage of the electric nnid through a 

perfect conductor is never attended with light, 

01 the crackling noise, which is heard when it is transmitted 

through the air, or along the surfece of an electric. 

Several curious experiments illustrate this principle, for if 
fhigments of tin foif, or other metal, be pasted on a piece of 
^lass, so near each other that the electric fluid can pass be- 
tween themj the whole line thus formed with the pieces of 
metal, will be illuminated by the pusage of the electricity 
from one to the other 

E%. 319. 



In this manner, figures or words may be forra^, as in 6g. 
219, which by connecting one of its ends with the prime con- 
ductor, and the other with the ground, will, when uie electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 

Electrical light seems nut to differ, in any. respect, from the 
light of the sun, or of a burning lamp. Dr. Wollaston observ- 
ed, that when this light was seen through a prism, the ordina- 
ry colors arising from the decomposition of light were obvious. 

Dpscribe thai repre«enteil at fig, 219, tooether with the moje of uabg it. 
When the ekctric fluij puneii along a pcrKct conductor, is it attemleil whh 
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The brilliancy of electrioal eparke is proportioiiU to die 
conductinr power of the bodies between which it p&ssoi. 
When an imperfect conductor, Budi ts apiece of wood, isem- 
ploj'ed, the electric light appears in fain^ red atreams, while, 
if paaeed between two pointed metals, its color is of s more 
^brilliant red. Its color also difTerB, according tn the kind of 
substance from, or to which, it paBses, or it la dependuit on 
peculiar circumatances> Thus, if the electric duid passes be- 
tween two polished metallic surfaces, its color is nearly 
white ; but it the spark ia received by the finger from such a 
surface, it will be violet. The sparks are green, when taken 
by the finger from a surface of silvered leather ; yellow, when 
taken from finely powdered charcoal ; and purple, when taken 
from the greater number of imperfect conauctors. 

When the electric fluid is dbchar^ed from a point, it is 
alvays accompanied by a current of air, whether the electri- 
city be positive or negative. The reason of this appears to 
foe, that the instant a particle of air becomes electrified, it re- 
pel^ and is repelled by the point from which it received ifae 
electricity. 

Fig. ^0. Sereral curious little experiments are 

made on this principle. Thus, let two cross 
wires, as in fig. 830, be suspended on a pi- 
vot, each having its point bent in a contruy 
direction, and electrified by being placed 
on the prime conductor of a machine. 
These points, so long as the machine is in 
action, will give off streams of electrici^, 
and as the particles of air repel the points 
by which they are electrified, the little ma- 
chine will thm round rapidly, in the direction contrary to that 
of the stream of electricity. Perhaps, also, the reaction of 
the atmosphere against the current of air given off by the 
points, assists in givin? it motion. 

Wlien one part, or side of an electric, is positivelr, the other 
part, or side, is ne^tively electrified. Thu3,if a plate of glass 
be positively electrified on one side, it will be negatively elec- 



What u the appMrance of electlicil tig^ throagh a (nm)1 What is will 
coiK«rniDe the diflecent colon of eUx&aX light, nben paadng between 
Mtfbcm of <fifierei)t kiads'! Describe fig, 230, and explain the pnnd|de od 
which its DiotiDn ilependg. Suppose one part, or ade of an dectiic, ii p<)aiti»< 
what will be the electrical state of the other ode or put 1 
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trifled on the other, and if llie inside of a glaSs reasel be pon- 
tire, the outjide will be negative. 

Advantage of thia circumstance i» taken, in the comtruc- 
tion of electrical jara, called, ftom the place where tlwy were 
foat made, Leyden vials. 

Pig. asi. The most cnnvnon form of this jar ia repre-, 

~ seated by fig. %21. It consists of a zlaas ves- 

sel, coated, on both sidea, up to a wtth tin foil ; 
the upper part being leA naked, ao as to pre- 
vent a spontaneous discharge, or the passage 
of the electric fluid from one coating to the 
other. A metallic rod, riaing two or three 
inches above the jar, and terminating at the 
top with a brass ball, which ia called trie knob 
ofthejar, is made to descend through ihecorer, 
till it touches the interior coating. It ia along 
this rod that the charge of electricity is con- 
veyed to the inner coating, while tne outer 
coating is made to communicate with the ground. 

■When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated 
on the tin foil coating, wliile the glaaa above the tin foil pre- 
vents its escape, and thus the jar becomes charged. By con- 
necting together a suihcieut number of these jars, anjr quan- 
tity of the electric duid may be accumulated. For this pur- 
pose all the interior coatings of the jars are made to commu- 
nicate with each other, hy metallic rods passing between 
them, and finally terminating in a single rod. A similar 
union is also established, by connecting the external coats 
with each other. When thus arranged, the whoijpifiies may 
be charged, as if they formed but one jar, ann the whole 
series may be discharged at the same instant. "Buch a com- 
binadon of jara is termed aaelectricai battery.. 

For the purpose of making a direct commusication between 
the inner and outer coaling of a single jar, or battery, by which 
a discharge ia effected, an inatrument called a discharging rod 
is employed. It consists of two bent metallic rods, termiiut- 
ted at one end by brass balls, and at the other end connected 



What part of the electricij nffiaratiiB ii 
How is the L.eyden ml constructed 1 Whj is not the wboie Eui&ce a^ the 
toI corered with the tin (ran How w the Lejden vial chiMed ? bi what 
pymar ma? ■ immber <^ tiKee viala be ehugedl What is aa'deetiiM] 
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by a. joint This joint is fixed to the end of a glass oandle ; 
and Ine rods being; moveable at the joint, the ttalls can be rep- 
ented, or brongnt near each other, as occasion reqmres. 
When opened to a pro^ distance, one bsD is made to tonch 
the tin foil on the ontside of the jar, and then the other is 
F^. goQ. broaght in contact with the knob 

of the jar, as seen in &g, 322. In 
this manner a discharge is effect- 
ed, or an equilibrium produced 
between the positive ana negative 
sides of the jar. 

When it is desired to pass the 
charge throneh any substance for 
experiment, then an electrical cir- 
cuit must be established, of wiiich 
the substance to be experimented 
on, must form a part. That is, 
the subatsnce must be placed between the ends of two metal 
lie conductors, one of which communicBles with the posilire, 
and the oUier with the negative side of the jar, or battery. 

When a person takes the electrical shock in the usuhJ man- 
ner, he merely takes hold of the chain connected with the 
outside coatlnr, and the battery being charged, touches the 
knob with his finger, or with a metatUc rod. On making this 
circnit, the fluid passes through the person from the posidve 
lo the negative side. 

Any number of persons may receive the electrical shock, 
by taking hold of each othei's hands, the first person touching 
the knql^while the last takes hold of a chain connected with 
the exteitiA coating. In this manner, hundreds, or perhaps 
thousands <n persons, will feet the shock at the game instant, 
there being itb perceptible interval in the time when ihe first 
and the last person in the circle feels the sensation excited by 
thepaseage of the electric fluid. 

Tne atmosphere always contains more or less electricity, 
which is aomedmes positive, and at others negative. It is 
however most commonly posidre, and always so when the sky 

Explain tbe design of fig. 2SIS, and abnw how an equilibrium is prodaoed 
by th« diaclmrging rod. Wben it ie detnred to psas the electrical fluicl thmuffh 
sny substance, where must it be placed in respect lo the two eideBof the 
iiMlery 1 Suppose the battery is charged, what most a person do to take the 
■hock t WluLt drcumstance is related, which abows the eurpriaing lelocitj 
■rith wbk^ ekctridty is tranntiitted t la tbe electridt; of the atnKwptwn 
foMn oi negadTe 1 
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la clmr, or free from clouds or fo^. It is lilways etronger in 
winter than in Bummer, and during the day than during the 
niffht It is also stronger at some hours of the day than at 
others ; being strongest about Q o'clock in the morning, and 
weakest about the middle of the afternoon. These different 
electrical slates are ascertained by means of long metallic 
wires extending from one building to another, and connected 
with electrometers. 

It was proved by Dr. Franklin, that the electric iluid and 
lightning are the same substance, and this identity has been 
confirmed by subsequent writers on the subject. 

if the properties and phenomena of lightning be compared 
with those of electricity, it will be found that they differ only 
in respect to degree; Thus lightning passes in irregular lines 
through the wr; the diachargeof an electrical battery has the 
same appearance. Lightning strikes the highest pointed ob- 
jects — takes in its courss the Mst conductors — sets fire to non- 
conductors, or rends them in pieces— and destroys animal 
life ; all of which phenomena are caused by the electric fiuid. 

Buildings may be secured from the elfects of hghtning, by 
fixing to them a metalHc rod, which is elevated above any part 
of the edifice and continued to the moist gromid, or to the 
nearest water. Copper, for this purpose, is better than iron, 
not only because it is less liable to rust, but because it is a bet- 
ter conductor of the electric fluid. The upper part of the rod 
should end in several fine points, which must be covered with 
some metal not hable to rust, such es gold, platina, or silver. 
No protection is afforded hy the conductor unless it is continu- 
ed without interruption from the top to the bottom of the build- 
ing, andit cannot be relied on as a protector, unl^lt^ reaches 
the moist earth, or ends in water connected liitk the earth. 
Conductors of copper, may be three fourths of an inch in di' 
ameter, but those of iron should be at least ,01 inch in diame* 
ter. In large buildings, complete protection requires many 
liehtning rods, or that they shoula be elerated to a hei^t 
above the building in proportion to the sm^Jlness of their num- 
bers, for modem experiments have proved that a rod only pro- 

At wliat timea does the atmoaphcreconlainmogt electricity 1 Haw an the 
diffiient electriciJ statea of the atmoapbere ascertained 1 Who first <Iisco- 
Tered that elEctricity ani lightning are the Bamc ^ What phenomenft are 
mentiaiied which belong in coaaaan lo electricity am! liehtiung 1 Haw ma; 
lioildin^ be protected nttta the oHects of lightning 1 Which ie the beat eon- 
""^ . necesMiy, IhU the rod may 
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toctfl a eiide (round it, die ndioB of irtiidi ia etpn) to twiea 

lU length abore the building. 

Some fishes have the power of givinf electrical ehocka, the 
^ects of which are the aame sb those obtained by the bietion 
of an electric. The beat known of these are the Taifedo, dw 
Owniwt'its eleclricus, and the Silurvs eleetricus. 

The torpedo, when touched with both hands at the suiie 
time, the one hand on the under, and the other on the np^er 
surface, will pre a shock like that of the Levdeo vial ; which 
shows that the upper and under surfaces of the electric organs 
are in the posidve and ne^tive slate, like the inner and outer 
■urfacea of the electrical jar. 

The gymnotus electricua, or electrical eel, possesses all the 
electrical powers of the torpedo, but in a much higher decree. 
When small fish are placed in the water with this animal, tkey 
are generally stunned, and sometimes lulled, byhis electrical 
fihocR, after which he eats them if hungry. The strongest 
shock of the gymnotus, will pass a short distance throuflb tkc 
air, or across the sur£ice of an electric, from one conductor 
to another, and then there can be perceived a amall, but vivid 
■park of electrical fire : particularly if the experiment be mada 
in the dark. Galvanism. See Chemistry. 

MAGNETISM. 

The native Magnet, or Loadstone, ia an ore of iron, whidi 
is found in various parts of the world. Its color is iron black, 
its specific gravity from 4 to 5, and it is sometimes found in 
crystals. This substance without any preparation attracts iron 
and steeVand when suspended by a atring, will turn one of 
its aides tow&ds the north, and another towards the south. 

It appears that on examination of the properties of this spe- 
cies of iron ore', led to the important discovery of the magavtHi 
needle, and Eubseoucntly laid the foundation for the scienca ot 
Magnetism, though at the present day magnets are made wi&- 
out this article. 

The whole seienbe of magnetism is founded on the fact that 
pieces of iron or steel, niter Deing treated in a certun 
and then suspended, riill constanUy turn one of iheir ends 

What aDimaJe huve the power o£ ^vinc electrical ghockl t I* tim cketii- 
dty swipOMcl to differ from that obtaiaed bj ait 1 How miat Aa hHKbbs 
■f^Jied to take Che electrital shock of tbe«e animak t WImI is the ottm 
nuuDEt or luadMons 1 What are tbe pcopeitiss at the JTltlttlwT On irtMl 
_ la (Be whole Buliject of msfpetiant lousded } 
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mrdi tlte north, and conwqoentljr die oAct towards the sontb. 
'Hie same propertr has been more recently prored to belong 
M ihfl natala nickel and cobalt, Ihongb with much leai intensi^. 

Thfl jkIcs a( a magnet are those parte vhich possets toe 
greatest power, or in which the magnetic virtue seems to be 
coDcentrated. One of the poles points north, and the other 
sontfa. The magnetic meridian is a.vertical circle in the hea- 
vens, which intersects the horizon at the points to which the 
iD^Mtic peedle, when at rest, directs itself. 

The axis of a magnet, is a right line which passes &om one 
mT its poles to the other. 

The equator of a magnet, is a line perpendicular to its ax- 
is, and is at the centre Setween the two poles. 

The leading properties of the magnet arc the following. It 
attracts iron and steel, and when suspended so as to move free- 
ly, it arranges itself so as to point north and south ; this is call- 
ed the polarity of the magnet. When the sovtk pole of one 
magnet is presented to the north pole of another, th^ will at- 
tract each other: this is called magnetic attraction. But if the 
two north or two south poles be broogfat together, they will 
repel each other, and this is called magnetic repulsion. When 
a ma^et taleft to move freely, it does not lie in a horizontal 
direction, but one pole inclines downwards, and consequently 
the other is elevated above the line of the horizon. Tkis is 
(»lled the dipping, or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties 
to iron or eteel, and this again mil impart its magnetic rirtue 
to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the poles 
of a magnet, they will attract each other, and JrtMfered to 
come into contact, will adhere so as to require Brce to sepa- 
rate them. This attraction is mutual; for the iron attracts the 
magnet with the same force that the magnet Uttracts the iron. 
This may be proved, by placing theironandWgnet on pieces 
of wood floating on water, when tiiey will be seen to approach 
each other muWally. 

The forc^ of magnetic attraction varieanvith the distance in 
the same ratio as the force of gravity; the attracting force be- 

WbMa&CTinetakberida inn povBMtiba magnetic propeit<rl What uc 
IhepdleaDfaiiiaimetl Wbtfti'tlie uwofamunetl What ia llw equMor 
ofannenet? Wbtf i* meant bf the pduitrofaiiiBf^T Wbendotwo 
n^oeta attnct, and when Tepd each Mhed What u widenteod I7 tha 
dpping cf the magoelie needle 1 
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Ing inTOTseljr u die square of the diitaoee between Ott nuif- 
net and tbe iron. 

The magnetic force is not senHtbly affected by the interpo 
silion of vay substance except those containing iron, or steel 
Thus, if two magnets, or a magnet and piece of iron, attract 
each other with a certain force, this force will be the eame, if 
a jAate of class, wood, or paper, be placed between them. 
Neither will the force be altered, by placing the two attracting 
bodies under water, or in the exhausted receiver of an air 

flump. This proves that the magnetic influence passes equal- 
y well througn air, glass, wood, paper, wa^, and a Tacucm. 
Heat weakens the attractive power of tOe magnet, and t 
white heat entirely deBtroys it Electricity will change U» 
poles of the magnetic needle, and the explosion of a snnll 
quantity of gun^powder on one of the poles, will have tbe 

The attractive power of the magnet may he increased by 
permitting a piece of steel to adhere to it, and then suspendiag 
to the steel a little additional weight every day, for it wifl 
sustain, to a certain limit, a Utile more weight on one day, 
than it would on the day before. 

Small natural magnets will sustain more than large ones in 
proportion to their weight. It ia rare to find a natural niig- 
net, weighing 20 or 30 grains, which will lift more than thirty 
or forty times its own weight But a minute piece of natnrd 
magnet, worn by Sir Isaac Newton, in a ring, which weighed 
only three grains, is said to have been capable of lifting 74B 
grams, or nearly 250 times its own weight 

The magnetic property may be communicated from tbe 
load stoBCT^ artificial magnet, m the following manner, it be- 
ing understoo(l that the north pole of one of ine magnets em- 
ployed, must always be drawn towards the south pole of the 
new magnet, and tnat the south pole of the other magnet em- 
ployed, IS to be irawn in the contrary direction. The norSi 
poles of magnetic bars are nsnallv marked with a line across 
them so as to distinguish this end from the other. 

Row IE it pTQVEd that the iron flpKis the magnet with t^ aamc fivn 
ihel the ma^aet attracts the. insll Wtv^aet the force o{ magnetic attna- 
lion vaiy witli the distance 1 Dues the mignetie (broe ^ur with tlte Uo- 
poation of any BubstaJice between the attnctine bodies 1 What it tbe (Act 
of lifat on the magnet 1 What ia the effect of electricity, (« the expkwB at 
gon-ponder onitl How ma; the power of a magnet be incieaMd 1 Whit 
ic laid coQceniing the cranpantiTe powen of great and " ' ~ 
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Fig.SS3. Place two magnetic 

e J bars, a and 6, fig. ®3, so 

>\ // that the north, end of one 

NX Xr may be nearest the south 

>\ ^/ enfl of the other, and at 

I |X ^^{jC- L. \ such a distance, that the 

\'^Vi\— u^^ '° \ ends of the steel bar to be 

■'™"" ^ ^™J touched, may rest upon 

them. Having thus arranged them, as ahowii in the figure. 
titke the two magnetic bars, d and e, and agply the south end 
of e, and the north end of tj, to the middle of the bar c, eleya* 
ting their ends as seen in the figure. Next separate the bare 
e and (2, by drawing them in oppomte directicms along the 
surface of e, still preserving the elevation of their ends ; then 
remOTing the bars d, and e to the distance of a foot or more 
from the bar c. bring their north and south poles into contact, 
and then baring again placed them on the middle of c, draiv 
them in contrary directions, as before. The same process 
must be repeated many times, on each side of the bar, c, when 
it will be found to have acquired a strong and permanent 
ni^netism. 

Ua bar of iron he placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will often acquire a strong magnetic power. Old tongs, po- 
kers, and fire shorels, almost always possess more or less 
magnetic virtue, and the same is found to be the case with the. 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in the direction of the mafl;netic line. 

A magnetic needle, such as is employed in thejoariner's and 
surveyor's compass, maybe made by fixing a pmK of steel on 
a board, and then drawing two magnets fton/llie centre to- 
wards each end, as directed, at fig. 223. Some magnetic 
needles in time lose their virtue, and require again to be 
magnetized. This may be done by placir^ the needle, still 
siupended on its pivot, between the opposite poles of two 
magnetic bars. While it is receiving the magnetism, it will be 
agitated, moving backwards and forwards, as though it were 
animated, but when it has become perfectly magnetized, it wiU 
remain qulesc«nt 

Eipbio Sg, 333, and dBMribe the mode of m&kiug a munet In what 
poBtioiu do ban at iron become magnetic ip<»ltaneouelj 1 S<m nuf a niB~ 
31( be DiBgnetiied. wilkR* mNTing it fiom il* pivot 1 
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Hie dip, or inclination of the magnetic needle, is Ha deris- 
tion from its horizontal position, as already mentioned. A 
piece of steel, or ». needle, which will rest on ite eentre, in a 
direction paratleLto the horizon, before it b tnagnelhed, will 
Bflerwards incline one of iCe enda towards the earth. This 
property of the magnetic needle was discovered by a compass 
maker, who, having fini^ed his needles before .they were 
magnetized, fomtd Uial immediately afterwards, their north 
ends inclined towards the earth, so that he was obliged to add 
small weights to their south poles, in order to tnake them 
balance, as before. 

T^e dip of the magnetic needle is measured by a graduated 
circle, placed in the vertical position, with the needle sus- 
pended by ite side. Its inclination from a horizontal line 
marked across the face of this circle, is the measure of its dtp. 
The circle, as usual, is divided into 360 degrees, and these 
into minutes and seconds. 

The dip of the needle does not vary materially at the same 
place, but differs in different latitudes, increasing as it is car- 
ried towards the north, and diminishing as it is carried to- 
wards the south. At London, the dip for many years hu 
TBiied little from 73 degrees. In the latitude of 80 degrees 
north, the dip, according to the obaervations of Capt Parry, 
was 88 degrees. 

Altliou^, in general terms, the magnetic needle is said to 

Soint norUi and south, yet this is very seldom strictly true, 
lere being a variation in its direction, which differs in degree 
at diffLrent times and places. This is called the variation, 
or declination, of the magnetic needle. 

This variatfen is determined at sea, by observing die differ- 
ent points of Ae compass at which the sun rises, or vts, and 
comparing them with the true points of the sun's rising or 
setting according to astronomical tables. By such obs^ra- 
tions, it has been ascertained, that the magnetic needle is 
continuallv decUning alternately to the east, or west, from due 
north, and that this variation differs in different parts of the 
world at the same tijoe, and at the same place al different 
timet. 

How was the dip of the magoEdc needk fizA diacoTeled % Id what man- 
ner ii tho dip meamed t yfiM ciiciunetanee incresHH or dimiauttes Hm 
"ipof the Qwdle'? Wiuit islnraBt by the dccBnation of the majaetic nee- 
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